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FROM THE EDITORS 
205 -206 
While a profession of salaried , full-time editors does indeed exist, most 
editors of scientific or scholarly journals 1 are usually demented volunteers or 
drafted personnel who fill not only editorial but commonly journal manage-
ment and development roles . These are conventionally in addition to other 
duties that too often become neglected . Hence , there is some truth in a state-
ment by Bentley B. Gilbert , editor of the journal of British Studies, that an 
editor resembles a lion tamer in that he is apt to be consumed by his subject. 
But an editor surrounded by perfect manuscripts (assurance of the 
authors) , concerned with whether there is sufficient funding to get through the 
next issue , trying to understand the word-processing tornado , sometimes suf-
fers uncertainty of identity. Who , what , and why is he? Since there are said to 
be 57 ,400 journals in existence (CBE Views 4 : (3) : 4. 1981), there is evidently 
a considerable population of editors, and there should be some helpful liter-
ature on this subculture. Sadly , I have found that evidently the less said about 
editors the better. 
For orientation one first turns to the dictionary. Mine defines editor as 
"1. One who edits , as a text, book, magazine ... 2. One who directs the pol-
icies of a newspaper, magazine , book of reference .... " These definitions 
somewhat depend upon the specifics of the verb edit. The subject entry says 
" Edit [L. editus, past part. of edere to give out, published fr. e out+ plus dare 
to give] 1. To revise and prepare for publication .. . as to edit a manuscript. 
2. To direct the editorial policies of. .. . " These somewhat circular definitions , 
however , only erratically illuminate the subject. 
Roget s Thesaurus , among several entries , includes the listings "Journal-
ist, gentleman of the press, publicist, rewriter , reviser, diaskeuast , copyreader, 
columnist , paragraphist, expositor , expounder, scholiast , glossarist , reviewer.' ' 
Bartlett's Quotations yield but minimal interest in editors and editing. 
Ring Lardner did say, "A good many young writers make the mistake of en-
closing a stamped, self-addressed envelope big enough for the manuscript to 
come back in. This is too much of a temptation to the editor." Ambrose 
Bierce opined that a Saint is "a dead sinner revised and edited," and Harold 
Wallace Ross said , " The New Yorker will not be edited for the old lady from 
Dubuque ." 
Robert Day (How to Write and Publish a Scientific Paper. 160 pp ., 
1979) has furnished a couple of anonymous concepts of editors. "Editors are a 
low form of life-inferior to viruses and only slightly above academic deans." 
1 
I do not necessarily imply that the adjectives scientific and scholarly are mutually exclusive 
but this is sometimes true. 
206 FROM THE EDITORS 
And "If you ever see an editor who pleases everybody, he will neither be sitting 
or standing-there will be lots of flowers around him." Lots of flowers? Really , 
Mr. Day, that is an accolade. 
Day also quoted Dr. E. H. Wood of the Mayo Clinic who once pre-
sented "What the author expects from the editor" as follows, " I expect the 
editor to accept all of my papers as they are and publish them promptly. I 
also expect him to scrutinize all other papers with utmost care, especially 
those of my competitors." 
My old edition of the Chicago Manual of Style has a chapter on "Hints 
to authors and editors" but the chapter is misnamed (an editorial sphalma?) . In 
fact it says so in the first paragraph: "The suggestions offered here might well 
be entitled "How to win a publisher!" And there are good suggestions , e.g., 
"All pages should be numbered consecutively in the top margin ." 
Thus frustrated in finding a holistic concept of an editor , I attempted 
next to determine what an editor is supposed to do. The fourth edition of the 
Style Manual of the Council of Biological Editors says , "The final work on the 
manuscript before it is set in type is done by a copy editor . . . "who " ... checks 
the manuscript for consistency of capitalization, abbreviations, and punctua-
tion, and for accuracy of spelling." And " .. . the editor and the editorial 
board establish a set of specifications for the journal : its physical dimension, 
the kind and width of paper on which it is to be printed .... " And "Editors 
should inform authors when to expect receipt of proof." That's about all. 
I finally turned again to the journal C BE Views . Thumbing successive 
issues I find that the editor must be concerned with the ethics of science and 
publication, with the acceptance of manuscripts on tape , of electronic process-
ing for journals, and with the social dimensions of science. A paper on the 
"Struggle between authors and editors" contains the warning that editors must 
be on the defensive constantly. I was able to terminate my search, however, 
with the warming title "Authors' editors: Catalysts of scientific publishing." 
Perhaps in the literature of appropriate disciplines there are learned mono-
graphs on editors as individuals, as a cultural group , and on the public percep-
tion of their societal roles. A bibliography will be happily received. DI 
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ABSTRACT. While most authors agree concerning the identity of the immediate relatives of 
wild alfalfa (Medicago sativa) and the genetic components of tetraploid cultivated alfalfa, they 
differ in formal taxonomic interpretation. Gunn and coauthors treat the complex as a single 
species with nine subspecies. Soviet writers have listed upwards of a dozen species. The view 
presented herein coincides with that of Lesins that the group contains five species (M. sativa, 
M. falcata, M. glomerata, M. glutinosa, and M. prostrata) and that all , except for M. prostrata, 
have contributed to the gene pool of cultivated and established alfalfa. Lesins, however, 
limits the name, M. sativa , to the original unsullied diploid and tetraploid populations of that 
species and treats cultivated alfalfa as a mixture of M. sativa and diverse hybrids. I propose 
to expand the definition of M. sativa to include all cultivated and established populations 
deriving in part or completely from the original M. sativa . This position is based not only on 
the reality of evolutionary change that has occurred during the last few thousand years but 
also on the fact that segretation of a largely panmictic continuum into hybrid components 
or subspecies may be an unwarranted artificiality. Anticlimatically, I suggest only that culti-
vated alfalfa be listed as Medicago sativa L. as it has been known the last two hundred years. 
Index descriptors: Alfalfa, lucerne, Medicago, Medicago sativa, Medicago falcata. 
Alfalfa is probably the most important forage legume in the temperate 
world. Agricultural scientists and taxonomic botanists recognize that commer-
cial alfalfa and extensive established populations are not the same as the orig-
inal wild alfalfas, and, among western scientists , there is essential agreement 
about the nature of the changes that have taken place. Taxonomists and 
agricultural workers, however, have not agreed about the best way to represent 
the biological relationships of alfalfa in the conventional biological hierarchial 
system of classification. The end products indeed are sufficiently different to 
give rise not only to confusion but also to the notion that the current "author-
ities" are in complete disagreement, which is not so . 
This paper summarizes the classifications of some recent writers fol-
lowed by a summary of my views. The latter is derived from field knowledge of 
alfalfa over most of the United States and study of herbarium material , not 
only of the subject species as they occur in the United States but of Eurasian 
populations as represented in the holdings of the herbarium of the Royal 
Botanic Garden, Kew, England. It includes also examination of all specimens of 
the alfalfa group in the herbarium of the National Arboretum, Washington, D. C. , 
which is the repository for vouchers of the U. S. Department of Agriculture 
1 
Journal Paper Number J-10880 of the Iowa Agriculture and Home Economics Experiment 
Station , Ames, IA. Project 1983. 
2 
Professor, Departments of Botany and of Plant Pathology, Seed, and Weed Science, Iowa 
State University, Ames , IA 50011. 
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P.I. introductions. The alpha taxonomy data is supplemented by that available 
in the abundant cytogenetic literature. 
The Medicago sativa group 
Established and cultivateJ Medicago sativa L. is a well-known an<l 
common legume that has purplish or varicolored flowers and spineless (most 
Medicago have spiny burr-like fruits) , coiled pods. It is a member of a Eurasian 
complex , which is variable in flower size and color (yellow or purple), size, 
curvature and pubescence of the pods, ploidy level, and geographic origin. A 
study of the relationships among these species quickly brings the realization 
that the M. sativa of common parlance includes both M. sativa in the strict 
sense and hybrid derivatives between it and M. falcata L. and perhaps other 
species as well. Determination of the precise identity of test garden plants 
commonly used in plant breeding research is difficult without knowledge of 
their geneology and ori6in, because morphological variation among these plants 
represents a continuum. An additional difficulty is that the taxonomist is often 
asked to verify names on the basis of flowering specimens whereas mature 
fruits are essential in diagnosis . 
Interpretations of the Medicago sativa group 
Medicago sativa sensu lato has been viewed by Soviet workers (Grossheim, 
1945; Vassilczenko, 1949; Sinskaya, 1950) as several species. Grossheim, for 
example, listed 15 species among alfalfa and relatives . Individual species are 
often further divided , M. falcata L. for example , including 18 varieties (Gross-
heim, 1945). These authors have scarcely considered the possible role of 
hybridization in the evolution of this group , and seemingly they believe M. 
sativa and M. falcata to be derived from forms with varicolored flowers . 
Natural hybridization between Medicago sativa and M. falcata was 
initially discussed by the plant explorer Hansen (1909). His view has been 
amplified by western European and American authors who believe that hybrid-
ization, current and past, has been a major factor in the evolution of local and 
regional variation and that the theses of the Soviet authors are unlikely on the 
bases of both cytogenetic and exomorphic evidence . Western workers, however, 
have not produced identical classifications. Gunn et al. (1978) and Tutin 
(1968) both compressed the entire complex into a single species, while Davis 
(1970), Lesins and Gillies (1972), and Lesins and Lesins (1979) listed three, 
eight, and four binomials, respectively . Altevogt (1970) believed that the group 
contains three basic "aggre~ates" (M. sativa, M. falcata, and M. glutinosa) but 
presented no formal taxonomy. Possibly no single system can best fit the needs 
of all workers; for example , the classification requirements of the plant breeder 
and the taxonomist are not at all the same. In order that a succinct comparison 
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of interpretational options may be available , the above named classifications 
are summarized in edited key form following. 
Tu tin ( 1968; Flora Europaea) 
The Medicago sativa complex was described as a single species , the more 
conspicuous variants representing subspecies . 
1. Corolla blue to purple . 
2. Corolla 7-11 mm. 
2. Corolla 5-6 (-7) mm. 
3. Legume falcate . 
3. Legume in a spiral of 2-3 turns . 
1. Corolla yellow. 
4 . Legume nearly straight or falcate . 
4. Legume in a spiral of 1. 5-3 turns. 
subsp . sativa 
subsp . ambigua (Trautv.) Tutin 
subsp . caerulea (Less . ex Ledeb.) 
Schmalh . 
subsp . falcata (L.) Arcangeli 
subsp. glomerata (Balbis) Tutin 
The major taxa of Tutin are Medicago sativa subsp. sativa and falcata. 
Subsp . sativa, tetraploid, 2n = 32 , is the cultivated and widely established 
form. Subsp . falcata, diploid or tetraploid , occurs throughout the range of the 
species. Subsp . ambigua is a southeastern USSR endemic. Subsp. caerulea, a 
diploid with small pods as well as small flowers , is also local in the southeastern 
Soviet Union . Subsp. glomerata is of southern Europe. 
Tutin 's key and descriptions do not accommodate hybrid populations, 
but these are noted in discussion . Hybrids between subsp. sativa and falcata are 
referred to M . x varia Martyn , and those ("what appear to be hybrids") be-
tween subsp. glomerata and sativa, caerulea, or ambigua were believed to be 
equivalent to M. polychroa Grossh. 
Davis (1970; Flora of Turkey) 
Three taxa were delimited at the binomial level. 
1. Fruit nearly straight or falcate , if spiraled to 1. 5 turns, the coils open in 
center ; flowers yellow or varicolored. 
2. Flowers bright yellow; fruit nearly straight to falcate, glabrescent or 
subappressed-villous, usually with conspicuous nerves. 
M. falcata L. 
2. Flowers varicolored, yellow to violet; fruit curved .5-1.5 coils that are 
closely subappressed-villous, inconspicuously reticulate. 
M . x varia Martyn 
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1. Fruits spiraled 2-4 turns , the coils mostly closed in center; flowers violet. 
M. sativa L. 
Medicago falcata, in this classification , includes both diploid and 
tetraploid races. It "hybridizes extensively" with M. sativa and M. x varia 
producing semistabilized populations that in Turkey back-cross with both 
parents. 
Davis' Medicago sativa includes two taxa: subsp. sativa, the cultivated 
tetraploid , and subsp. caerulea, the wild diploid form . 
Altevogt (1970) 
This author's concepts may be summarized in key form approximately 
as follows: 
1. Fruits and calyces with large-glanded trichomes; species native of Caucasus. 
M . glutinosa 
1. Fruits lacking glanded trichomes, or, if with glandular hairs, of hybrid 
derivation or not from the Caucasus. 
2. Fruits sickle-shaped; flowers yellow; standard broad. 
M. falcata aggregate 
2. Fruits coiled; flowers typically blue ; standard narrow. 
M. sativa aggregate 
Because of hybridization ("Alfalfa is the hybrid product of twenty to 
fifty or more perennial species of Medicago "), Altevogt evidently believed 
further formal classification untenable and presented none. His unpublished 
thesis includes both analyses of the variability and geographic distribution of 
several morphological characters and speculation concerning the agricultural 
origin and phylogenetic relationships of alfalfa. 
Gunn et al. (1978) 
This was a study of U.S. Department of Agriculture P. I. introductions 
based on "legume characters and flower color." All tax a were considered to be 
subspecies of M. sativa. 
1. Legumes glandularly pubescent. 
2. Legumes spiraled. subsp . praefalcata (Sinskaya) 
Gunn 
2. Legumes straight to C-shaped. subsp. viscosa (Reichenb.) Gunn 
1. Legumes nonglandular, glabrous to villous. 
3. Legumes spiraled with 2-4 coils; lumens absent or nearly so. 
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4 . Flowers yellow. subsp . glomerata (Balbis) Tu tin 
4 . Flowers purple to blue or slightly variegated or iridescent , never 
monochrome yellow. 
5. Flowers 5-6 (-8) mm ; legumes 2-4 (-5) mm diam. , not conceal-
ing the calyx. subsp. caerulea (Less. ex Ledeb.) 
Schmalh. 
5. Flowers 6-12 mm; legumes 5-9 mm diam., concealing the calyx. 
subsp. sativa 
3. Legumes ± straight to spiraled with . 5-1. 5 coils; lumens well developed. 
6. Legumes (at least some) with 1 to 1.5 coils. 
6. Legumes (all) ± straight to falcate . 
7 . Flowers variegated. 
subsp. x varia (Martyn) Arcangeli 
subsp . x hemicycla (Grossh.) 
Gunn 
7. Flowers monochrome violet, blue , white or yellow. 
8. Flowers not yellow. subsp. ambigua (Trautv.) Tutin 
8. Flowers yellow. subsp. falcata (L.) Arcangeli 
Lesins and Gillies (1972) and Lesins and Lesins (1979) 
The Lesins' classification is based primarily on cytological and morpho-
logical data obtained from introductions studied in Canada. Lesins and Gillies 
(1972) listed eight binomials in their key: M. falcata L. , M. glutinosa Bieb. , 
M. glomerata Balbis, B. schischkinii Sumnev., M. caerulea Less. , M . x hemicycla 
Grossh., M. sativa L. , and M. x varia Martyn. In the subsequent treatment of 
Lesins and Lesins (1979), the most thorough and scholarly of the current 
analyses of the group, these are coalesced to five basic species and a hybrid 
group as follows. 3 
1. Flowers purple or varicolored; pods eglandular (-glandular), spirally coiled 
1. 5-4 turns. 
2. Flowers purple ; pods not glandular. 
3. Flowers 6-12 mm; pods 5-9 mm diam. ; seeds 2.2-2.5 mm; tetra-
ploids. M. sativa L. subsp. sativa 
3. Flowers 5-6 mm; pods 2.5-3.5 (-5) mm diam.; seeds 1.6-2.1 mm; 
diploids. M. sativa L. subsp. caerulea 
Schmalh. 
2. Flowers varicolored; pods sometimes glandular. 
3 
This is not Professor Lesins' key. It is rather extrapolated from both his key and his subse-
quent discussion and placed in a format consistent with the others listed . 
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M. x varia Martyn ,M. x bemicycla 
Grossh. , M . x media Pers., M. x 
tunetana Vassilcz., M. x gaetula 
(Urban) Trabut 
1. Flowers yellow or pods glandular-pubescent , or both; pods falcate-hamate 
or coiled. 
4. Pods falcate to hamate , not glandular. M. falcata L. 
4 . Pods spirally coiled , usually glandular-pubescent. 
5. Legumes 2.5-4 mm diam., usually not glandular-pubescent, withou_t a 
lumen; pedicels slender, more than 5 mm long, racemes loose with 
1-6 flowers. M. prostrata Jacq . 
5. Legumes 4-6 cm diam., glandular-pubescent , usually with a distinct 
lumen; pedicels less than 5 mm in length ; racemes usually compact 
with 5-15 flowers . 
6. Pods ca. 4-5 mm diam ., tightly coiled with little or no opening 
in center; fruiting pedicels commonly reflexed. 
M. glomerata Balbis 
6. Pods ca. 5-6 mm diam ., loosely coiled with evident opening in 
center; fruiting pedicels usually ascending. 
M. glutinosa Bieb. 
The reader is referred to Lesins and Lesins (1979) for detailed rationale 
for their classification. In brief, they find the ancestral diploid forms of M. 
sativa, M. falcata , and M. glomerata to be distinct both morphologically and 
geographically. They waver between whether M. glutinosa, known only as a 
tetraploid , may be an independent species or a hybrid complex in itself. They 
account for some 42 specific names that can be regarded either as synonyms of 
these species , diploids or tetraploids , or as hybrid permutations , primarily 
among the tetraploids. Extensive natural hybridization (followed in recent 
years by that conducted by plant breeders), especially between tetraploid M. 
sativa and M. falcata , is responsible for most of the variation in Eurasian pop-
ulations (from whence most of the nomenclatural proliferation has been 
derived). Much of this variation has been secondarily transported to North 
America. North African forms with purple or variegated flowers but glandular 
pods are suspected to be derivatives of M. sativa x M. glomerata. 
In the nomenclatural sense, Lesins and Lesins believe that the original 
materials on which M. sativa, M. falcata, and M. glutinosa were based to re-
present hybrid plants rather than the pristine species. Nevertheless , they use 
these names in the sense of the virgin species , and, beyond passing reference 
to the hybrids in the keys (as quoted above), provide no nomenclatural home 
for these major components of cultivated alfalfa. 
Comparison of treatments 
Although deriving from different sources of data and expressing differ-
ent taxonomic philosophies, most of the preceeding classifications are basically 
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similar in that the ultimate units are approximately the same. Both Gunn et al. 
(197 8) and Tu tin (1968) treated Medicago sativa as a collective species and 
subordinated the other taxa within it . The Gunn exposition perhaps can be 
regarded as an expansion of that of Tutin (1968), differing primarily in the 
formal recognition of the hybrid categories. The Gunn treatment somewhat 
resembles that of Lesins and Gillies (1972) in taxa recognized but contrasts 
in rank assignment, the species of the latter being subspecies of the former. 
The more simplistic Davis outline recognized two basic species (M. sativa 
and M. falcata) plus a catch-all M . x varia hybrid category. Altevogt (1970) 
also categorized the M. sativa and M. falcata "aggregates" but believed M. 
glutinosa also to be a third significant element. 
The recent treatment of Lesins and Lesins (1979), recognizing five 
basic species , represents a maturation of the earlier Lesins and Gillies (1972) 
views. M. caerulea is referred to M . sativa as a subspecies, and M. x media, 
M. x tunetana, M. x gaetula, M. x varia, and M. x hemicycla, labels for major 
hybrid-derivative populations, are analyzed as to probable origin but are given 
no formal status . 
Discussion 
The Medicago sativa complex is represented in North America primarily 
by tetraploid populations of M. sativa x falcata (M. x varia in the broad sense) 
and of M. sativa . That some cultivated alfalfa has slightly glandular-pubescent 
pods suggests also a residual contribution of either or both M. glutinosa or 
M. glomerata. The preponderance , the variegated M. x varia alfalfas , are deriv-
atives of plants introduced to the New World during the past several centuries 
or represent recently produced cultivars that have been developed by selections 
among the progeny of plant breeding crosses between M. sativa and M. falcata . 
A major problem concerning the classification of cultivated plants is 
that the evolutionary pathways and the characters of the wild species may be 
quite different from those of the man-produced , cultivated forms and their 
escaped and often weedy derivatives. Perhaps two taxonomies are needed. 
Usually , however , students of cultivated plants attempt a compromise, or they 
maintain the taxonomy of the progenitors that is then translated into the 
genological nomenclature of the cultigens , a procedure that can become cum-
bersome, especially for some ornamental groups as Narcissus or Rosa. 
Gunn et al. (1978) essentially have attempted a compromise. They have 
brought together all the alfalfa-related plants introduced into the United States 
under the wing of a single species , M. sativa. By meticulous analysis of the 
flowers and fruit, much material can be placed in one or another of their 
categories (subspecies) that are suggestive of the presumed ancestory of the 
plant or population at hand. This parsing may be useful to the plant breeder. 
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But because of the innumerable kinds of combination that may exist among 
the hybrid forms, assurance of identification is frequently impossible. 
I differ from Gunn et al. (1978) and also Tutin (1968) in that I treat 
each of the three yellow-flowered kinds as different species. The data, mostly 
cytogenetic, that compares M. falcata and M. sativa predicates independent 
diploid evolution of these species followed by massive intermingling at the 
tetraploid level (e.g., Atwood and Grun, 1952; Armstrong, 1954; Lesins, 
1957; Bolton, 1962; Lesins and Lesins, 1964; and Lesins and Gillies, 1972). 
The admirable summation of Lesins and Lesins (1979) includes morphological 
and distributional considerations as well as cytogenetic data. The literature 
about M. glomerata and M. glutinosa, though less abundant, indicates also 
that these taxa are evolutionarily independent entities (Lesins and Lesins, 
1979). 
The classifications of Lesins and Lesins (1979) and of Isely (following 
herein), though derived independently and based on different kinds of data, es-
sentially duplicate one another in theoretical delineation of the species.
4 
Where 
\\e differ is in pragmatic decision concerning the "hybrids" that possibly make 
up the bulk of the planted and established populations in both the New World 
and Eurasia. Evolutionary change over the last few thousand years has pro-
duced a single, widely panmictic complex that can scarcely be segregated into 
meaningful taxonomic units. The traditional label for cultivated alfalfa, Med-
icago sativa, is not just one of convenience but has biological reality. Thus, I 
assign all so-called hybrid populations that include lineage of M. sativa to that 
species. Lesins and Lesins, on the other hand, maintain M. sativa in the ideal 
pristine sense, the hybrids being left in a nomenclatural no-man's-land. 
Taxonomic and nomenclatural summary 
The Medicago sativa complex [Medicago subgenus Falcago Grossh. 
(subgenus Medicago of authors); section Falcago Reichenb .; subsection Fal-
catae Vassilcz.]. 
Plants herbaceous, short-lived perennials, arising from a woody crown 
and tap root or sometimes from creeping rootstalks. Stipules lanceolate, den-
tate or entire. Leaflets obovate to cuneate-oblanceolate, apically denticulate. 
Flowers in axillary, well-peduncled, compact and spike-like or loosely flowered 
racemes. Legumes unarmed, nearly straight to hamate or usually coiled 1-4 
turns; valves glabrous, pubescent or glandular-hairy, not strongly ridged or 
reticulate; seeds not separated by internal partitions. 
4 
Independence of origin, however, is relative in that the Lesins' preliminary publications 
have been available for some years, and the genesis of some of my concepts probably 
derives from them. 
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The synonymy in the following summary is derived from descriptions; 
type specimens have not been examined. Its scope is that of names seen in U. S. 
publications and those used for the more common U. S. Department of Agri-
culture P. I. entries. A more complete synonymy is available in Gunn et al. 
(1978) and Lesins and Lesins (1979). Nomenclatural citations are not provided 
(these are given by the above-cited authors), but the date of publication is given 
as an aid in interpreting the synonymy, which is listed in conventional para-
graph form (names in each group being homotypic). 
Key to species 
1. Flowers violet-purple or varicolored ; legumes coiled, not glandular; abun-
dant and cosmopolitan. Medicago sativa 
1. Flowers yellow; legumes not coiled or if so usually glandular-pubescent; 
species (or hybrid derivatives) of rare North American occurrence except in 
experimental gardens. 
2. Legumes falcate to hamate , rarely glandular-pubescent. 
M. falcata 
2. Legumes coiled, usually glandular-pubescent. 
3. Legumes not glandular-pubescent or but slightly so (probably 
advanced generation hybrid derivatives.) 
M. sativa 
3. Legumes glandular-pubescent. 
4 . Legumes 6-9 mm diam, loosely coiled 1-2 turns with evident 
lumen. M. glutinosa 
4. Legumes 5-8 mm diam, tightly coiled 1.5-3 turns, with tiny 
lumen. M. glomerata 
Medicago falcata Linnaeus Yellow alfalfa 
M. falcata (l 7 5 3 ); M. sativa subsp . falcata (L.) Arcangeli (1882). 
M. sativa subsp. viscosa (Reichenb.) Gunn (1978). By description and 
synonyms cited, this taxon of Gunn et al. (1978) probably includes 
M. falcata and perhaps predominantly hybrid combinations with 
M. glutinosa. 
M. polychroa auct. pro parte . 
M. media in herb. pro parte. 
M. varia in herb. pro parte. 
Plants commonly cinereous, prostrate, ascending, or erect, 3-8 dm, 
from a diffuse root system, sometimes with creeping rootstalks . Pubescence 
usually conspicuous, strigulose or villosulous. Leaflets narrowly obovate to 
oblong-oblanceolate, 5-15 mm long, 2.5-7 times as long as wide. Racemes 
compact or loose with (5-) 10-20 flowers that are 6-8 (-10) mm long. Pedicels 
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short , 1-2 mm, usually ascending in fruit . Calyx 3.5-5 mm long, the teeth 
commonly considerably exceeding tube. Corolla yellow, standard usually 
obovate, less than 2 times as long as wide. Legumes oblong, laterally com-
pressed , nearly straight, falcate, hamate , or infrequently curved full circle, 
ca. 5-12 x 2-4 mm ; valves glabrous or loosely strigulose (-glandular pubescent). 
2n = 16, 32 (Lesins and Lesins, 1979; and others). 
South central Europe to Black Sea, north into European USSR and 
Siberia (Lesins and Lesins, 1964, 1979). Sporadically established in the north-
ern part of North America, roadsides , edge of fields , occasionally urban ; 
planted in introduction gardens and in alfalfa breeding research plots. 
Medicago falcata differs from alfalfa (M. sativa) in its yellow flowers 
and falcate pods. The plants are commonly low or decumbent, and cinereous. 
Except for test garden plantings, they are usually easily distinguished from 
M. sativa and hybrids. However, yellow-flowered plants occasionally seen in 
alfalfa fields probably are advanced generation hybrid derivatives rather than 
true M. falcata. 
The introduced yellow-flowered alfalfas differ among themselves in 
physiological characters and habit as well as the evident features of curvature 
and pubescence of the pods . The first major introductions were by Hansen 
(1909), and the group was reviewed in detail by Oakley and Garver (1917). 
These plants constitute several species and numerous varieties of Russian 
authors (e.g., Grossheim, 1945; Vassilczenko , 1949), while Tutin (1968) and 
Gunn et al. (1978) have viewed them as subspecies of Medicago sativa. As 
presented in the discussion-prologue of this paper, I am treating yellow-flowered 
plants of the Medicago sativa group that have falcate or hamate pods as an 
independent species, M. falcata, a proposition consistent with North American 
tradition and supported by the thesis that wild , diploid M. falcata and M. 
sativa are (or were) independent, allopatric taxa that have merged secondarily, . 
primarily at the tetraploid level. 
Medicago glomerata Bal bis (1801) 
M. sativa var. glomerata (Balbis) Tutin (1968) 
Plants ascending or erect, 3-6 dm, strigose, probably from a tap root . 
Leaflets obovate to oblanceolate, ca .. 7-1.5 cm long, mostly 2.5-4 times as long 
as wide. Racemes compact or loose with 5-15 flowers , 8-9 mm long. Pedicels 
slender, commonly 2-3 mm and recurved in fruit . Calyx 3-4 mm long, teeth± 
tube . Corolla yellow. Standard ovate , ca. 2 times as long as wide. Legumes 
tightly coiled 2-3 turns with a small central lumen, the coils 4-6 mm diam.; 
valves glandular-hairy with multicellular hairs. Chromosome number 2n = 16 
(Lesins, 1968); possibly also n = 32 (Lesins and Lesins, 1979). 
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Mediterranean area ; not known in North America except in exper-
imental plantings . 
This plant is commonly treated as a subspecies of Medicago sativa (e .g. ; 
Tutin , 1968; Gunn et al. , 1978) or combined with M. glutinosa , which also has 
glandular pods. I am listing it (and M. glutinosa) at the specific level on the 
00.sis of cytological data of Lesins (1968) and Lesins and Lesins (1979) and for 
consistency with the segregation of M. sativa and M. falcata. 
Medicago glutinosa Bieb. (1808) 
M. sativa subsp. praefalcata (Sinskaya) Gunn (1978) 
Plants decumbent or ascending, ca. 3-6 mm, glabrate or strigose, prob-
ably from a tap root. Leaflets obovate to cuneate-oblanceolate, .8-2 cm long, 
2-4 times as long as wide . Racemes compact or loose with 8-15 flowers 10-12 
mm long. Pedicels short, 1-2 mm, ascending-spreading. Calyx 5.5-6.5 mm, often 
glandular-hairy, teeth exceeding tube . Corolla yellow or ochroleucous ; standard 
ovate, ca. 2 times as long as wide. Legumes loosely coiled (.5-) 1-2 turns with 
an evident central lumen, the coils 6-9 mm diam.; valves glandular-hairy with 
multicellular hairs. Chromosome number 2n = 3 2 (Lesins and Gillies , 1972). 
Native of Caucasus, USSR. Not known in North America except in 
experimental plantings. 
Medicago glutinosa is treated as a subspecies of M. sativa (e .g., Tutin , 
1968 ; Gunn et al. , 1978) or as a separate species (e.g. , Grossheim, 1945 , 
Lesins and Gillies, 1972; Lesins and Lesins , 1979). Hypotheses about the 
relationships of M. glutinosa are presented by Lesins and Lesins (1979) . 
Introduction specimens that , sensu characters, seem to be hybrid 
derivatives of Medicago sativa and M. glutinosa are referred to the former 
species. 
Medicago sativa Linnaeus Alfalfa, Lucerne 
M. sativa L. (l753) ;Medicasativa (L.)Mill. (1768). 
M. varia Martyn (1792);M. sativa subsp . x varia (Martyn) Arcangeli (1882) . 
M. media Pers. ( 1807). 
M. caerulea Less. ex Ledeb. (1843) ; M. sativa subsp. caerulea (Less. ex 
Ledeb.) Schmalh. (1895). 
M. falcata var. ambigua Trautv. (1860) ; M. trautvetteri Sumnev. (1932); 
M. sativa subsp. ambigua (Trautv.) Tutin (1968). 
Medica legitima Clusius ex Greene (1894 ). 
Medicago sativa var. polia Brand (1907) . 
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M. hemicycla Grossh. (1925) ; M. sativa subsp. x hemicycla (Grossh.) Gunn 
(1978). 
M. polychroa Grossh. (1925). 
M. sativa var. turkestanica Bordakov (1929). 
M. sativa fma alba Benke (193 5) . 
M. tianschanica Vassilcz. (1940) . 
M. lavrenkoi Vassilcz. (1950). 
M. sativa fma prolifera Dore (1959). 
M. microcarpa auct. 
M. pilifera in herb. 
Plants usually ascending or erect, 2-8 (-10) dm, from a strongly devel-
oped tap root . Pubescence variable, scant, finely subappressed-villosulous or 
incurved-puberulent. Leaflets obovate to oblong-oblanceolate (-narrowly 
lanceolate), 1-2.5 cm long, 1.5-5 times as long as wide. Racemes compact, 
spike-like, with ca. 8-25 flowers (5-) 8-10 mm long. Pedicels usually short, 
1-2 mm, spreading-ascending. Calyx 4-5 .5 mm long, teeth ± tube. Corolla of 
various shades of purple or varicolored, i.e ., lavender, greenish-blue, purple-
black, greenish-yellow, or rarely yellow; standard various in shape, commonly 
oblong and about 2-2.5 times as long as wide. Legumes coiled (1-) 2-3 (-4) 
turns, rarely hamate , usually with a central lumen, the coils 4-6 (-8) mm 
diam. ; valves glabrous or pubescent (-glandular-pubescent). 2n = 16, 32 (Lesins 
and Lesins, 1964; and many others). 
Original range uncertain due to early dispersal by man, probably south-
western Asia, Caspian Sea to Turkey and southeastern USSR (Lesins and 
Lesins, 1979); tetraploid strains now widely established and cultivated in 
temperate regions of both hemispheres. Throughout most of temperate North 
America, infrequent in the southeastern and western United States. Extensively 
cultivated for hay and forage, conspicuously established in ruderal and dis-
turbed sites , especially roadsides; rarely but occasionally distant from "civil-
ization," e.g., river banks , lake shores, mountain slopes. 0-8700 ft. 
Cultivated and established Medicago sativa with purple or varicolored 
flowers and coiled pods in such a well-known and distinctive plant in the 
United States that polemics about its identity would seem supererogatory. 
But the alfalfa in much of the temperate world is not Medicago sativa in the 
sense of the original wild species. It is rather a recently evolved variable taxon 
that owes its parentage primarily to M. sativa and M. sativa-falcata hybrid 
derivatives. Because alfalfa is an open-pollinated species , probably but little of 
it in the northern portions of its range is unadulterated M. sativa. 5 It is , how-
ever, confluent with that species (in the strict sense) at the tetraploid level. 
5 
Linnaean specimen (LINN, 933.6 ; microfiche!) of Medicago sativa L. seems likely to be 
one of the derivative hybrid alfalfas rather than the ideal unsullied M. sativa. (This is not 
the holotype that is a Clifford specimen in the British Museum.) 
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The fact that some populations have glandular pods suggests also a slight in-
fusion of M. glutinosa or M. glomerata or possibly both. 
The taxonomic rationale for maintaining a broad nomenclatural 
concept of cultivated and established alfalfa is discussed in the intro-
ductory prologue of this paper. Such a delimitation of alfalfa may not 
be satisfactory to the plant breeder who needs to know the geneology 
of his material as precisely as possible . For such information, there is no 
substitute for known ancestry. If this information is not available, an 
approximation, as to phenotypic expression may be derived from the 
foregoing key quoted from Gunn et al. (1978). If only a simplistic 
separation of M. sativa and M. x varia is desired, the characters given in 
Davis' key (1970) (also quoted in foregoing text) are as satisfactory as 
any. Greater sophisication of distinction between M. sativa and M. x 
varia can probably be obtained by using the tabulation of Small and 
Brookes (in manuscript) that is based on numerical analysis. 
The botanical purist may desire to make similar distinctions but is this 
really practical or realistic? A single planted field commonly includes several 
types of phenotypic expressions . One patch by a roadside may be M. sativa, 
a second one M. x varia. The identity of plants on the borderline between the 
two forms is ambiguous. 
Thus, because of the confluent nature of the components, I list no 
subspecific categories. I do not take a position regarding the taxonomic rank 
of diploid M. sativa (M. caerulea ), since I have had little opportunity to study it 
and because it scarcely exists on the American continent except in test gardens. 
It can justifiably be regarded as subspecifically (or perhaps specifically) differ-
ent from tetraploid M. sativa , not primarily because of the cytological dis-
junction, but because the evolutionary thrust of the two groups has been rather 
different. But, although these taxa differ somewhat in size characters, partic-
ularly of the flowers, variation of the tetraploids is so great that determinations 
are frequently uncertain without verifying cytological data. 
Medicago prostrata J acq. 
I have seen no introductions of this species. It differs from its yellow-
flowered congeners in that there is no central lumen in the pod. A native of 
southern Europe, it has loose few ( 1-6) flowered racemes, slender pedicels, 
and glandular or eglandular pods. Seemingly it has not contributed to the 
M. sativa gene pool. 
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ABSTRACT. In the Midwest, drought frequently is a yield-reducing factor in soybean 
[Glycine max (L.) Merrill] production . Drought can be characterized by soil-moisture and 
various atmospheric measurements , but the relationships between these measurements and 
soybean seed yield are complex. In this report, we show significant relationships using both 
soil-mois ture and leaf-water potential measurements to characterize plant-water stress in 
soybeans. 
Experiments were conducted over a three-year period, both in the field under 
natural conditions (1976 and 1977) and in the special weather shelter facility (1978) . All 
cultivars were grown in a fine-silty, mesic cumulic hapludoll soil with various soil-moisture 
treatments being imposed each year. 
In most cases, soil-moisture deficits reduced seed yields when compared with 
irrigated controls. The reductions varied in magnitude and depended on the severity and the 
timing of stress in relationship to plant reproductive stages of development. The cultivar 
response to these soil-moisture treatments differed. This seemed most related to maturity 
differences. Correlations (r) between these indices and seed yield varied between -0.3 7 and 
-0.89 . 
Index descriptors: Soil-moisture stress, water potential, seed yield, stress indices , 
maturity , soybeans, and Glycine max. 
LITERATURE REVIEW 
Use of meteorological data to predict corn yields in Iowa has been an 
ongoing project over many years . Originally , attempts were made to correlate 
rainfall data with corn (Zea mays) yields, but later studies (Dale and Shaw, 
1965; Corsi and Shaw, 1971 ; Shaw and Felch, 1972) have shown that a cu-
mulative index of the daily balance between soil moisture and atmospheric 
demand better correlates with corn yields. A stress index was developed to 
integrate the combined effects of these factors on a daily basis. By summing 
these daily stress indices over 66-day or 85-day periods, good correlations with 
yield have been obtained in most areas of the state. 
The stress index was developed from concepts about the relationships 
between actual and potential evapotranspiration. Both atmospheric demand 
1 
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and soil moisture influence transpiration from a crop canopy, and their inter-
action determines whether or not actual transpiration will fall below potential 
transpiration on a particular day (Denmead and Shaw, 1962). 
The daily stress index (SI) used in Iowa for corn is calculated as: 
ET 
SI= 1 - -
PET 
(1) 
where ET is actual evapotranspiration and PET is potential evapotranspiration . 
When actual equals potential evapotranspiration , the crop is not being stressed 
and SI = 0. When actual evapotranspiration falls below potential evapotrans-
piration, the crop is stressed , and the stress index increases to a maximum of 
SI = 1. Until 1974, corn yields were predicted by summing the daily stress 
indices over a 66-day period around silking; however, weighting the stress index 
to account for differences in growth stages and increasing the period to 85 days 
was reported to increase the predictive ability of the stress index (Shaw, 1974 ). 
Leaf-water potential measurements have been extensively used as an 
indicator of moisture stress (Boyer, 1967; Boyer and Gorashy , 1971) . This is 
done because leaf-water potential is the result of the balance (or imbalance) 
between soil moisture and atmospheric demand . Water potential measurements 
have been related to photosynthesis (Boyer, 1970b), leaf enlargement (Boyer, 
1970a), and seed yield (Boyer et al., 1980). Reductions either in photosyn-
thesis , through stomata! closure or inhibition of chloroplast activity , or in leaf 
enlargement may lead to a reduction of seed yields (Slatyer, 1969 ; Hsiao , 
197 3 ). Leaf expansion is reduced at less negative leaf-water potentials than 
those causing stomata! closure or inhibition of chloroplast activity (Boyer , 
1970b). When plants are stressed to the point at which leaf expansion is in-
hibited, and photosynthesis still continues, assimilates are stored during the 
stressed period , and rapid growth may occur upon rewatering or at night when 
soil-moisture conditions are more favorable (Slatyer , 1969). Under conditions 
of severe moisture stress , photosynthesis will be impaired. Rate of root elonga-
tion, with obvious deleterious effects , is also reduced by severe soil-moisture 
stress (Slatyer , 1969 ; Sivakumar et al., 1977). 
OBJECTIVE OF THIS STUDY 
The large increase in soybean (Glycine max ) production in Iowa in 
recent decades has provided impetus for the development of an analagous stress 
index for soybeans. This report details initial results from field experiments in 
which we have attempted to use the concepts relevant to the corn-moisture 
stress index and related variables as estimators of soybean-seed-yield reductions 
induced because of limited soil moisture. 
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MATERIALS AND METHODS 
'Corsoy ' soybeans were machine-planted on May 18, 1976, in 76-cm 
east-west rows at approximately 247 ,000 seeds ha- 1 . The experimental design 
consisted of six blocks with three soil-moisture treatments randomized within 
each block. Three cultivars ('Corsoy ,' 'Harcor,' and 'Ottilie 7270') were hand-
planted on May 12, 1977, with similar row spacing and plant population. The 
experimental design was a split plot with nine blocks , two soil-moisture treat-
ments as whole plots, and cultivars as subplots . Each soil-moisture treatment 
during both years was applied to an area 9 .1 X 13 . 7 m. Soil-moisture treat-
ments consisted of natural rainfall and rainfall plus furrow irrigation. An addi-
tional soil-moisture treatment was imposed in 1976 by covering the soil be-
tween rows with black plastic to prevent rainfall infiltration. This treatment 
was deleted in 1977 to allow for additional cultivar comparisons. Throughout 
the growing season when weather permitted, midday leaf-water potential 
measurements were made with a PMS pressure bomb by using procedures as 
described by Scholander et al. (1965). This instrument was employed because 
the values obtained are the result of the integration of both soil moisture and 
atmospheric demand. 
In 1978 four soybean cultivars ('Hodgson,' 'Corsoy,' 'Ottilie 7270,' 
and 'Beeson') were planted under the automatic rainout shelter at the Hinds 
Irrigation Farm near Ames, Iowa, on May 31. They were thinned to ten plants 
per potometer on June 28, giving an equivalent stand of 242,000 plants ha-1 . 
Preceeding planting, fertilizer was mixed into the soil in a ratio of 22:49: 93 
Kg of N, P, and K ha-1 of surface area. Border rows were planted on all sides . 
A modified split-plot design was used , with cultivars as whole plots and stress 
treatments as subplots. 
In this specialized facility soybeans were grown in 110-liter potometers 
(galvanized cans) . Each potometer was 61 cm deep with a diameter of 51 cm. 
Potometers were partially buried to more nearly simulate an actual field situa-
tion. Eight rows were oriented east-west and consisted of 27 potometers. 
There was 51 cm between centers within rows and 81 cm between rows. 
Access tubes , for neutron probe measurements, were located in the middle of 
each po to meter. Each po to meter was filled to the level of the surrounding soil 
with the upper 15 cm of a Nicollet loam soil. 
The weather shelter automatically covered the potometers during 
periods of rainfall, leaving plants exposed to natural conditions at all other 
times. Water stress was induced by withholding water at appropriate times. 
The stress treatments consisted of six combinations of three time periods dur-
ing reproductive stages in which water was withheld. For brevity, stress treat-
ments will be abbreviated as PO for the low-stress treatment and Pl, P2, and 
P3 for single stresses imposed duirng Periods 1, 2, and 3, respectively. Multiple 
stress treatments applied to the same potometers will be designated as P12 and 
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Table 1. Periods of soil water treatments expressed m terms of days after 
planting. 
Soil-water Periods 
Treatments 2 3 
Pl 55-61 - - - - -a 
P12 5 5-61 67-72 
P123 5 5-61 67-72 77-82 
P2 67-72 
P3 77-82 
aNo soil-water; treatments were applied to this treatment during this time period . 
Table 2. Day after planting when each cultivar attained reproductive stages 
that were near soil-water treatment periods . 
Stage of Ottilie 
Development Hodgson Corsoy 7270 Beeson 
R3 (Beginning pod) 52 55 60 58 
R4 (Full pod) 56 58 63 63 
RS (Beginning seed) 63 63 68 68 
R6 (Full seed) 71 71 82 82 
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P123 for stress during Periods 1 and 2 and Periods 1, 2, and 3, respectively. 
These treatments and their time of occurrence in terms of days after planting 
are listed in Table 1. Each stress treatment was imposed on the same calendar 
date, and at that time, there were differences in development among the 
cultivars, so growth stage effects are confounded with cultivars. Cultivar ef-
fects may, therefore, be stage-of-development effects. The stages of develop-
ment, which coincided with stress periods , are listed by cultivars in Table 2 
(Fehr et al. , 1971). 
Soil moisture was measured with a Troxler neutron probe in the center 
of the soil mass in each potometer. Soil moisture was measured in Treatments 
PO and Pl during Period 1, Treatments PO, P2 , and P12 during Period 2, and 
Treatments PO, P3 , and P123 during Period 3. Measurements of soil moisture, 
leaf-water potential, leaf conductance, and visible plant wilting were used to 
determine stress-period termination. 
At maturity in all years , plants were hand-harvested , and seeds were 
oven dried at 65° C. Seed yield was adjusted to 14% moisture. 
RESULTS AND DISCUSSION 
Results Using Leaf-Water Potential Measurements 
The 1976 study produced the relationships given in Figures 1 and 2. 
The gradual decline of leaf-water potential for each of the soil-moisture treat-
ments with time is evident (Figure 1). On any given day, the irrigated treat-
ment had the greatest leaf-water potential (least negative) , and the natural 
treatment had the least leaf-water potential over most of the season. Because 
the covered plots maintained higher levels of soil moisture than the natural 
plots because of reduced soil evaporation , their leaf-water potentials fell be-
tween the two extremes. Day-to-day variations in Figure 1 primarily represent 
changes in atmospheric demand . 
The technique employed to obtain Figure 2, in which individual mean 
yields are plotted versus mean leaf-water-potential values measured throughout 
the growing season, has been successfully used in various forms by others 
(Walker and Hatfield, 1979, Turk and Hall, 1980 ; and Shouse et al. , 1981). 
In Figure 2, 77% of the variation in seed yield is related to mean leaf-water 
potential. In 1977, a similar pattern was observed, but the responses of the 
individual cultivars to stress seemingly was different (Figure 3 ). The relationship 
between seed yield and mean leaf-water potential for Corsoy (r = 0.89) and 
Harcor (r = 0.85) was excellent, but that for Ottilie 7270 (r = 0.3 7) was less 
satisfactory. More importantly , the response of Ottilie 7270 to soil-moisture 
stress was quite small, when compared with the others . .The slopes for Corsoy, 
Harcor, and Ottilie 7270 were 174, 102, and 64 kg/bar , respectively. We 
believe that this illustrates the importance of timing of stress and relates to the 
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Figure 1. Soybean leaf-water potentials by Julian Date for the irrigated, natural, and covered soil-moisture 
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Figure 2. Corsoy soybean seed yields plotted by the mean leaf-water potential 
over the 18 days of measurement in 1976. The linear regression is 
given by Y = 8563 .2 + 386.3 *(LWP), where Y is the mean seed 




















o on1 u E 7270 • 
2000'--~~---L..~~~-'-~~----'~~~~ 
-18 -16 -14 -12 -10 
MEAN LEAF - WATER POTENT! AL (bars) 
Figure 3. Soybean seed yields plotted by the mean leaf-water potential over the ten days of measure-
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unusual weather pattern experienced in 1977. April soil-moisture reserves were 
critically low following the drought of 197 6. Soil-moisture stress accumulated 
in June and July as a consequence of low rainfall; however, abnormally high 
amounts of rainfall (119 mm) in early August terminated the stressful condi-
tions. This was a critical time because the soybeans were then setting pods. The 
rains were too late to eliminate the stress reductions suffered by the earlier 
maturing Corsoy and Harcor (maturing five days later than the Corsoy), while 
Ottilie 7270 (maturing ten days later than Corsoy) was able to express nearly 
full recovery. Similar results were observed in other experiments conducted 
by M. Karimi, (l.S. U.; pers. com mun.). His yield reductions due to soil-moisture 
stress for Corsoy, Harcor, and Ottilie 7270 were 16, 5, and 0%, respectively. 
Also, Ashley and Ethridge (1978) found that, in some cases, irrigation at 
beginning pod-fill produced seed yields as great as full season irrigation. This 
demonstrates a potential shortcoming of this technique. Therefore, timing of 
soil-moisture stress with reproductive stages needs further consideration. 
Results Using Soil-Moisture Measurements 
Working in the weather shelter plots in 1978, we were not able to 
collect daily values of leaf-water potential, because the technique requires 
destructive sampling beyond plant material resources. Our procedure, then, 
was use of soil-moisture measurements rather than leaf-water potential measure-
ments. To achieve a wider range in soybean maturities, we included one more 
late-maturing cultivar, Beeson, and replaced Harcor with Hodgson, a cultivar 
somewhat earlier than Corsoy. 
Soil moisture either was directly measured with a neutron probe in 
each potometer in 197 8 or was estimated by prorating with similar potometers 
that were measured. Measurements were made in the low-stress treatment (PO) 
to obtain an estimate of potential evapotraspiration and in all of the high-
stress treatments (P12, P123, P2, and P3) which were being stressed during a 
particular period to estimate actual evapotranspiration. Plants growing in 
potometers which were not being stressed were assumed to have the same soil 
moisture as the low-stress treatment. Percolation and evaporation from the soil 
surface were assumed to be negligible . 
The stress index was calculated by finding the change in soil moisure 
over each of the stress periods in each potometer. Because there were no 
additions of water to the potometers, all the change in soil moisture could be 
attributed to evapotranspiration. We used the change in soil moisture of the 
low-stress treatments as potential evapotranspiration. Then, the mean daily 
stress indices were calculated for each stress treatment as in Equation 1. A 
similar method was reported by Harder et al. (1982 ). By multiplying by the 
number of days in the period of stress, a cumulative stress index (CSI) is 
obtained. Relationships between seed yield and yield components, individual 
soil-moisture treatments, and each cultivar are discussed extensively by Snyder 
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Figure 4. Regression of mean seed yield per plant on a cumulative stress index 
by cultivar with plots of treatment means. 
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To evaluate CSI and seed-yield relationships , each cultivar was con-
sidered individually . Best-fit regression models were generated for each of the 
four cultivars, and the regression lines and means for the stress treatments 
are shown in Figure 4. Only Beeson exhibited a quadratic relationship between 
yield and CSL The major difference in the form of the regression equation 
between Beeson and the other cultivars seems to be the much greater low-
stress yield for Beeson. The reason for this is unknown. 
Our stress periods were short and intense , so no information is avail-
able on what happens as CSI increases beyond 5; however, by examining only 
Treatments PO, Pl , P12 , and P123 in Figure 4 (all points except open triangles 
and squares), the effect of repeated soil-moisture stress periods can be seen. 
Hodgson and Ottilie 7270 express a linear relationship , while for Corsoy and 
Beeson, the decrements associated with additional stress seemingly decrease. 
More study is required of the latter phenomenon. 
Another point of interest lies with the coefficients of these regression 
lines. If one deletes the PO treatment from Beeson to remove the nonlinear 
effect and then recalculates a linear regression, the coefficient of the CSI 
term becomes -0.38, the same as Ottilie 7270 (-0 .38). A comparison of these 
with Hodgson (-0.82) and Corsoy (-0 .73) indicates that Ottilie 7270 and 
Beeson are less sensitive to this CSI index. Hodgson and Corsoy were earlier 
maturing than the other two cultivars, and this response in Figure 4 may relate 
to the levels of atmospheric demand and growth stage differences between 
cultivars. These response differences warrant further study. 
In these weather shelter studies, soil-moisture stress was induced by 
withholding water from plants growing in a restricted rooting medium thus 
producing shorter and more intense stress periods than found in a normal 
field situation. Field-grown plants may change either morphologically or 
physiologically and react in a different manner to their changing water envi-
ronment. The weather shelter data do follow the field observations of 1976 and 
1977. They indicate that timing of stress is important and that cultivars do 
respond differently to stress accumulation . By using either leaf-water potential 
measurements, as a variable integratin;; soil moisture and atmospheric demand, 
or direct soil-moisture measurements , significant relationships between these 
variables and soybean seed yield were achieved. 
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ABSTRACT. The growth and condition factors of yellow perch (Perea flaveseens) in East 
Okoboji Lake and West Okoboji Lake were determined from samples taken in 1978 and 
1979. The mean length of perch of all ages was greater in East Okoboji Lake than in West 
Okoboji Lake. The mean length of females at a given age was greater th an that of males in 
samples from both lakes . The mean condition factor of perch was higher in East than in West 
Okoboji Lake samples. Condition factors varied by sex and season ; values were highest in 
females collected during spring and summer. Differences in perch populations in the two 
lakes were indicated, despite the occurrence of mingling though the interlake connection. 
Index descriptors : Fish , yellow perch , Perea flaveseens, Iowa, Okoboji Lakes , 
growth, and condition factors . 
INTRODUCTION 
East Okoboji Lake and West Okoboji Lake , Dickinson County, Iowa, 
are interconnected lakes that support high levels of sport fishing. The yellow 
perch , Perea flavescens, is the most abundant species in the sport fish harvest. 
Perch composed 26% to 79% of the total number of fish harvested each year 
from West Okoboji Lake between 1946 and 1968 (Jennings, 1969). Christian-
son (197 8) estimated that yellow perch made up 60% of the total number of 
fish caught from East Okoboji Lake and 83% from West Okoboji Lake between 
December 1976 and November 1977. 
The growth and condition factors 
4 
of yellow perch have been described 
previously in the Okoboji Lakes. As compared with growth rates in other 
midwestern states, Parsons (195 la) observed that perch growth was fast in East 
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Okoboji , but about average in West Okoboji. Condition factors of perch of the 
same age also tended to be higher in East than in West Okoboji Lake. In a 1963 
study of West Okoboji Lake , Jennings and Moen (1964) found the rate of 
growth of perch to be similar to that reported by Parsons. 
The study objectives herein were: ( 1) to determine the current growth 
and condition factors of yellow perch in the Okoboji lakes, (2) to determine 
possible differences in growth and condition between the lakes, (3) to assess 
the influence of sex on growth, and ( 4) to assess the influence of sex and 
sampling season on measures of condition. 
From a management perspective the study focuseJ on assessing differ-
ences in growth and condition factors as a means of determining if perch popu-
lations in the two lakes should be considered as separate stocks. Although 
intermingling of perch populations between the two lakes through the channel 
makes it questionable whether the fish should be managed as separate stocks 
(Schmitt, 1981), fish stocks have been separated on the basis of comparative 
life history characteristics in marine fisheries (Cushing, 1968). Perhaps a similar 
approach to stock identification could be utilized in the Okoboji lakes. 
THE OKOBOJI LAKES 
A channel (15 m wide X 2 m deep and 100 m long) connects East 
Okoboji Lake and West Okoboji Lake and permits year-round fish passage 
between the lakes. Schmitt (1981) observed interlake movement of yellow 
perch. The morphometry and level of eutrophication of the two lakes, how-
ever, differ considerably. East Okoboji is a long (10.6 km), narrow ( 1.4 km 
maximum) lake, divided into four basins with a total surface area of 743 ha. 
It is relatively shallow, with a maximum depth of 6 m and a mean depth of 
3.2 m (Jones and Bachmann, 1974). East Okoboji Lake produces dense blue-
green algal blooms that persist through the summer and into the autumn. 
West Okoboji Lake has a surface area of 15 58 ha and is the deepest 
natural lake in Iowa ; maximum depth is 41.5 m and mean depth is 11.5 m. It 
has a length of 8. 7 km and a maximum width of 4.4 km. It supports relatively 
low phytoplankton production and clear water. A marked thermocline occurs 
in the summer between depths of 10 and 15 m. 
METHODS 
Yellow perch were collected using gill nets and fyke nets from 
East Okoboji Lake in November 1978 and April 1979 and from West Okoboji 
Lake in November 1978 and May , June, October, and November 1979. Scales 
~re removed from the left side below the lateral line and posterior to the 
pectoral fin. Total length (mm), weight (g), and sex were recorded. 
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Established scale reading and back calculation techniques were used 
to estimate the mean total length of perch at specific ages. Scales were pressed 
between acetate slides and examined at a magnification of 47X. Annuli were 
marked on paper strips, from which measurements of distances from the focus 
to annuli and the scale margin were made. Annuli distances were measured on 
two scales and the distances averaged. 
Relations between total length and scale radius were computed by 
least-squares linear regression for samples from each lake. The y-intercept was 
used as a correction factor in the back calculation of body length of previously 
formed annuli (Lee, 1920). Back calculations also were computed by the 
direct-proportion method (Bagenal and Tesch, 1978), with no correction factor 
being used, to enable comparison of our results with those of previous studies 
in which this technique was used. 
Condition factors (K-TL) were computed by Fulton's equation, as sug-




where w and 1 are the observed total weight and total length of a fish. Condi-
tion factors based on standard length (K-SL), where 1 is the standard length 
(mouth to base of caudal fin) , also were computed to enable comparison with 
previously published values. 
RESULTS 
Ages of 125 perch from East Okoboji Lake and 356 from West Okoboji 
lake ranged from I to VII. Total length-scale radius regression equations 
yielded y-intercepts of 28 mm for the perch sample from East Okoboji Lake 
and 31 mm for the sample from West Okoboji Lake. These values were used as 
correction factors in the back calculation of growth of yellow perch from each 
lake. 
Differences in growth were observed in samples from the two lakes, as 
well as between sexes in each lake. Mean total length of fish of all ages was 
greater in East than in West Okoboji Lake (Tables 1 and 2). The difference was 
statistically significant for ages I through IV (Students's t test, P < 0.0001). 
Sexual differences in growth were observed in samples taken from both lakes 
during spring 1979 (Tables 1 and 2). The mean total length of females at a 
given age exceeded that of males in both lakes; however, the differences were 
statistically significant only for ages II through IV in West Okoboji Lake 
(P < 0.05) . 
Differences in condition factors were observed in samples from the two 
lakes, as well as between sexes in each lake. The mean condition factor of perch 
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Table 1. Calculated mean total lengths at annulus formation of yellow perch 
from .. East Okoboji Lake. 
Total length (mm) at each annulus 
Sex and Sample 
Age Groups Size II Ill IV v VI VII 
Both Sexes 
13 106 
II 22 92 179 
III 46 76 139 216 
IV 26 77 152 210 244 
v 9 84 152 211 242 261 
VI 8 74 126 181 218 246 263 
VII 92 149 211 241 253 264 274 
a 
Mean 125 83 150 211 239 254 263 274 
Male 
II 14 93 185 
III 17 73 131 210 
IV 7 83 158 210 240 
v 1 84 162 209 238 265 
VI 6 76 131 181 218 245 263 
Mean 45 81 153 204 230 248 263 
Females 
III 18 76 135 225 
IV 15 76 147 210 247 
v 4 81 145 219 250 274 
VI 2 69 113 181 218 250 263 
VII 1 92 149 211 241 253 264 274 
Mean 40 77 140 216 244 264 263 274 
a 
The sample size of both sexes combined is greater than the sum of male and female samples 
because sex was not determined for several immature fish . 
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Table 2. Calculated mean total lengths at annulus formation of yellow perch 
from West Okoboji Lake . 
Total length (mm) at each annulus 
Sex and Sample 
Age Groups Size II III IV v VI VII 
Both Sexes 
7 79 
II 131 80 148 
III 114 75 135 189 
IV 65 75 140 195 225 
v 19 80 143 194 225 246 
VI 14 79 139 190 224 246 263 
VII 6 79 131 180 212 236 252 264 
a 
Mean 356 77 141 191 224 244 259 264 
Male 
II 9 81 150 
III 28 73 130 182 
IV 23 76 138 189 217 
v 8 80 148 194 220 237 
VI 8 79 132 180 210 230 245 
VII 5 79 130 179 211 231 245 257 
Mean 81 76 136 185 216 233 245 257 
Females 
III 23 79 146 210 
IV 29 75 144 204 239 
v 7 81 148 201 240 268 
VI 6 80 149 203 242 268 286 
VII 77 136 181 220 257 283 298 
Mean 66 77 146 205 239 267 286 298 
a 
The sample size of both sexes combined is greater than the sum of male and female samples 
because sex was not determined for several immature fish. 
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Table 3. Mean condition factors of yellow perch from East Okoboji Lake and 
West Okoboji Lake (numbers of fish shown in parentheses). 
East Okoboji West Okoboji 
Sexes Sexes 
a 
Age Male Female Combined Male Female Combined 
1.32(13) 1.19 (7) 
II 1.32(14) 1.36(22) 1.22(43) 1.27(63) 1.26(130) 
III 1.36(17) 1.53(18) 1.45(46) 1.31(35) 1.40(41) 1.3 8(112) 
IV 1.37 (7) 1.3 8(15) 1.40(26) 1.37(27) 1.53(31) 1.45 (65) 
v 1.40 (1) 1.37 (4) 1.41 (9) 1.36 (9) 1.50 (8) 1.42 (18) 
VI 1.40 (6) 1.62 (2) 1.45 (8) 1.40 (8) 1.47 (6) 1.43 (14) 
VII 1.39 (1) 1.39 (1) 1.43 (5) 1.38 (1) 1.42 (6) 
a 
The sample size of both sexes combined is greater than the sum of male and female samples 
because sex was not determined for several immature fish . 
was significantly higher (P < 0.025) in East than in West Okoboji Lake samples 
at ages II and III. Perch of these two age groups represented 64% of the total 
sample from both lakes. Condition factors differed with sex in both lakes 
(Table 3). The mean condition factor of females was significantly higher for 
ages II through IV (P < 0.025) in West Okoboji Lake, but only for age III in 
East Okoboji Lake (P < 0.05). 
Condition factors varied by season in each lake. Spring and summer 
means were similar (1.45 and 1.48, respectively) in West Okoboji Lake and 
significantly higher than autumn values (1.22 in 1978, 1.28 in 1979). No 
difference was noted between autumn 1979 (1.42) and spring 1979 (1.40) in 
East Okoboji Lake samples. 
DISCUSSION 
Yellow perch growth was compared with that observed in previous 
studies of the Okoboji lakes, as well as other Iowa lakes (Table 4). Growth in 
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Table 4. Comparison of total length, at different ages, of yellow perch reported 
in this and previous studies at the Okoboji lakes and other Iowa lakes . 
Total length (mm) at each annulus 
Location Sample 
and Source Size II III IV v VI VII 
East Okoboji Lake 
a 
Present Study 125 
b 
83 150 211 239 254 263 274 
Present Study 125 63 139 207 236 252 263 274 
Parsons (19 51 a) 211 69 180 228 250 
West Okoboji Lake 
a 
Present Study 356 77 141 191 224 244 259 264 
b 
Present Study 356 54 130 186 221 243 259 264 
Jennings & Moen 
b 
(1964) 273 53 127 183 216 244 274 
b 
Parsons (1951a) 85 56 124 187 230 
Spirit Lake 
b 
Parsons (1951a) 266 65 175 243 280 302 308 
Clear Lake 
b 
Parsons (19 51 b) 
1947 102 71 149 206 
1948 322 64 126 190 249 
1949 245 65 110 140 
ac 
Hervey (1963) 858 89 142 175 206 
Red Haw Lake 
a 




88 85 144 180 193 209 235 
a 
Back calculated by the Lee method. 
b 
Back calculated by the direct-proportion method. 
c 
Data from Hervey (1963) were for 1950-62. 
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Table 5. Comparison of presently reported condition factors (K-SL) of yellow 
perch from the Okoboji lakes with those of previous studies in Iowa 
and North America. 
Location 
and Source 
East Okoboji Lake 
Present Study 
Parsons (19 51 a) 






Parsons (1951b) 1947 
1949 
Lake Mendota 
Hasler ( 194 5) Males 
Females 
Lake Erie 
















2.3 5 - 2.45 
2.13 - 2.29 
2.02 - 2.45 
1.56 - 2.02 
1.89 - 2.23 
1. 78 - 2.88 
1.69 - 2.36 
2.03 - 2.14 
1.96 - 2.21 
1.76 - 2.34 
1.43 - 2. 58 
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West Okoboji Lake was similar to that reported in the two previous studies 
(Parson, 195la ; Jennings and Moen, 1964); however, the growth of East 
Okoboji Lake perch at ages II through IV was markedly slower than that 
observed in the 1940s (Parsons, 195 la) . Perch growth in the Okoboji lakes was 
similar to that in East Lake (Lewis, 1950), more rapid than in Clear Lake 
(Parsons, 1951b; Hervey, 1963), but slower than in Red Haw Lake (Lewis, 
1950) and nearby Spirit Lake (Parsons, 195 la). Yellow perch growth in the 
Okoboji lakes is at about the median point of the range among North American 
yellow perch (Thorpe, 1977; Ney, 1978). 
In comparisons made with other studies (Table 5), mean condition 
factors in the present study were greater than those reported for the Okoboji 
lakes by Parsons (1951a); the difference, however, may be biased as a function 
of sampling season. Condition factors in both Okoboji lakes were greater than 
those reported for Lake Mendota, Wisconsin (Hasler, 1945) and Lake Erie 
(Jobes , 1952), and were near the upper limit of the range for North American 
populations (Carlander, 1950). 
Differences in mean length and condition at various ages indicate that 
yellow perch in East Okoboji Lake and West Okoboji Lake should possibly be 
considered as separate stocks for management purposes. Schmitt (1981) found 
that perch marked and released in East Okoboji Lake moved into West Okoboji 
Lake and contributed to the winter sport fishery there. Although perch from 
the two lakes mingle, growth and condition of perch in samples from the two 
lakes taken during ice-free periods indicated segregation during much of the 
year. We believe that most intermingling occurs in West Okoboji during winter, 
and that a large proportion of the perch originating in East Okoboji Lake 
return there for much of the rest of the year. 
The faster growth and greater condition factors of perch in East Okoboji 
Lake may be attributed to the highly eutrophic conditions in the lake. Previous 
authors (Jones and Bachmann, 1974; Thorpe, 1977) have suggested that 
reduced water clarity caused by summer algal blooms enables perch to maxi-
mize food consumption during periods of optimal growth conditions by 
extending daily feeding periods. Nakashima and Leggett (1975) found that the 
density of phytoplankton and benthos influenced the production of yellow 
perch biomass in a lake on the Quebec-Vermont border. 
This study did not indicate significant changes in either growth or 
condition factors of yellow perch to have occurred in the Okoboji lakes over 
the past three decades. The variability that was observed is probably due to 
sexual or seasonal sampling biases. Sufficient differences in both growth and 
condition factors were observed between samples from the two lakes so that 
biologists should consider these differences in management decisions. It is 
possible that if more stringent regulation of harvest is considered in the future 
that different restrictions should be considered on each lake because of indi-
cated differences in population dynamics. 
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ABSTRACT. The objective of this study was to investigate the productivity of double 
cropping systems utilizing no-till planting of corn (Zea mays L.) and soybeans (Glycine 
max. [L.) Merrill) following spring-sown oats (Avena sativa L.) in southern Iowa. Various 
row widths and population levels of soybeans and corn were also investigated in the three-
year single location experiment on a Grudy silt loam. 
Silage and grain yields of corn following oats were about one-third to half those 
from sole-crop corn . No consistent patterns were found among double cropping systems 
across the years. Soybeans following oat silage when grown in 19-cm rows at a high popula-
tion (779,000 plants/ha) produced the same seed yields as sole-crop soybeans; i.e., in 76-cm 
rows with 385,000 plants/ha in 1978 and 1979. Soybeans following oats for grain yielded 
about 71 % of the sole-crop yields (25 .5 q/ha) in 1978 and 19 79. An economic analysis of the 
several double cropping systems showed that none of the corn systems produced a net 
income/ha as high as sole-crop corn. However, a double cropping system with soybeans 
following oat silage and grown in 19-cm rows with 77 5 ,000 plants/ha gave 94% greater net 
return than the sole-crop soybeans. 
Index descriptors : Avena sativa L., Zea mays L., Glycine max . (L.) Merrill, row 
widths, population levels. 
INTRODUCTION 
Recent reports document increasing hectarages of double cropping 
systems in northern states such as Illinois, Indiana, and Ohio (Lewis and 
Phillips, 1976). In central Illinois, corn (Zea mays L.) and soybeans (Glycine 
max. [ L.] Merrill) planted no-till in late June yielded 6 7 and 2 5 q/ha, re-
spectively (McKibben and Pendleton , 1968), and in northern Ohio, soybeans 
yielded 16 q/ha from no-till plantings during the second week in July (Triplett 
et al., 1971). 
Throughout the eastern United States, the prevalent double cropping 
systems utilize a winter-sown small grain followed by soybeans (Lewis and 
1 
Journal Paper No. J-10304 of the Iowa Agriculture and Home Economics Experiment 
Station , Ames, IA 50011. Project 2447. 
2 
Respectively, Pre-doctoral Research Associate (currently Research Director, The Agri-
cultural Alumni Seed Improvement Association, Inc. , Romney, IN 47981), Pre-doctoral 
Research Associate (currently Post-doctoral Fellow, International Crops Research Institute 
fo_r the Semi-Arid Tropics, Hyderabad , India), and C. F. Curtiss Distinguished 
Professor in Agriculture (Iowa State University, Ames, IA 50011). 
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Phillips, 1976), but in Iowa, the winter-sown small grain hectarage is small and 
not adaptable to the predominant corn-soybean rotation. However , spring-sown 
oats (Avena sativa L.) are planted during late March to early April in southern 
Iowa and reach maturity in 90-100 days. Thus , it may be possible to success-
fully follow the oat crop with no-till planted short-season cultivars of corn and 
soybeans that would mature before the first killing frosts of mid-October. 
Because corn and soybeans in double cropping systems encounter 
different environmental conditions than when grown as the sole crop during 
the growing season, conventional plant densities and row widths may be un-
suitable. Narrow row widths would permit rapid canopy cover , and an in-
creased plant population may increase yields from smaller plants that result 
from late planting of the second crops . Research on row widths for soybeans 
in the northern United States has shown that narrow-width rows gave highest 
yields (Cooper, 1971 , 1977; Costa et al. , 1980 ; Jeffers et al., 1973; Wiggans , 
1939; Weber et al., 1966) but that greater plant populations caused increased 
lodging without any yield advantage (Cooper, 1971 ; Lueschen and Hicks, 1977; 
Wiggans, 1939; Weber et al., 1966). For corn, populations of approximately 
50,000 plants/ha or more generally give maximum grain yields (Brown et al., 
1970; Bryant and Blaser , 1968; Giesbrecht, 1969; Hoff and Mederski, 1960; 
Munez and Kamprath, 1969; Stickler, 1964), while maximum silage yields 
require larger populations (Bryant and Blaser, 1968 ; Rutger and Crowder, 
1967). Reductions in corn row widths to approximately 50 cm has increased 
yields in several studies (Brown et al., 1970 ; Cummins and Dobson, 1973; 
Hoff and Mederski, 1960; Hunter et al., 1970; Stickler, 1964; Stivers et al., 
1971), whereas other workers (Bryant and Blaser, 1968; Giesbrecht, 1969; 
Nunez and Kamprath, 1969) found little or no advantage occurred from 
changes in row widths. 
The objective of our study was to investigate the productivity of 
double cropping systems utilizing "no till" sown short-season cultivars of 
corn and soybeans following spring oats in southern Iowa. Effects of differ-
ent row widths and population levels on grain yield of soybeans and grain and 
silage yields of corn in double cropping systems also were investigated. Final-
ly, a comparison was made of the economic returns from the sole and double 
cropping systems. 
MATERIALS AND METHODS 
Oat-corn and oat-soybean combinations were grown in separate adjacent 
experiments in 1977, 1978, and 1979 on a Grundy silt loam (fine montmoril-
lonitic, mesicAquicArguidolls)near Beaconsfield in south-central Iowa. Random-
ized complete-block designs were used in plantings in 1977, 197 8, and 1979. 
The corn experiments included three, two , and two replicates , and the soybean 
experiments, three , two , and four replicates in the successive years. Plots 
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measured 3 m by 10 m, with an area 1.5 m by 8 m being harvested from each 
rorn or soybean plot for yield measurements. The harvested area in corn plots 
was subdivided into two 0. 7 5 m by 8 m sections, one being used for silage yield 
and the other for grain yield measurements. Oat yield was measured by cutting 
a swath 1 m by 8 m from the center of a plot. 
Oat-Corn Experiments 
The eight row-width, population-level combinations for the sole-crop 
rorn and the double cropping oat-corn systems are shown in Table 1. The 
cultivars used were 'Pioneer 3184' corn for sole crop, 'Pioneer 3 7 80' and 'Pio-
neer 3 990' corn for double cropping following oat silage and oat grain , respec-
tively, and 'Multiline E77' (1977 and 1978) and 'Lang' (1979) oats. The corn 
for the sole-crop system was hand sown, and the oats for the oat-corn double 
cropping systems were drill sown in conventionally tilled seedbeds each year. 
Oats for silage and for grain were harvested when the grain was at the soft 
dough stage and ripe, respectively. Within 48 hours, the double-crop corn was 
sown into the oat stubble with a John Deere no-till planter in 1977 and 1978. 
In 1979, the double crop was hand sown, a pointed hoe being used to open a 
narrow furrow similar to that produced by the no-till planter. All corn plots 
were overplanted and thinned after emergence. Corn for silage was harvested 
at the black-layer stage of grain maturity. Corn for grain was not recorded on 
any plot in 1977 or on System 7 in 1979 because of prolonged moisture stress. 
Moisture contents were measured on all crops when harvested, and corn grain 
yields were adjusted to 15.5% moisture. 
Oat-Soybean Experiments 
The six row-width population-level combinations for the sole-crop soy-
beans and the double cropping oat-soybean systems are shown in Table 2. The 
cultivars used were 'Williams' and 'Corsoy' soybeans for sole and double crop-
ping systems, respectively, and Multiline E77 (1977 and 1978) and Lang 
(1979) oats. The sole-crop soybeans were hand sown ; the oats for the oat-
soybean double cropping systems were drill sown into conventionally tilled 
seedbeds. Harvest stages of oats for silage and grain and the sowing procedures 
for soybeans in the oat-soybean experiments were the same as those for the 
oat-corn experiments. Soybeans were harvested with a sickle, and yields were 
adjusted to 13. 5% moisture. 
Sixty-seven kg/ha each of N, P2 Os, and K2 0 were applied to all the oat 
plots before planting. Sole-crop corn plots received 168 kg N, 121 kg P2 Os, 
and K2 O/ha, and sole-crop soybean plots 67 kg P2 Os and K2 0 before planting. 
Similar amounts were applied to double-crop corn and soybean plots in addi-




Table 1. Oat-corn systems, row widths, population levels, and planting and harvest dates for corn in 1977, 1978, and 
1979. 
1977 1978 1979 
Harvest Harvest Harvest 
Row 
System width Population Plant Silage Grain Plant Silage Grain Plant Silage Grain 
--cm-- --1000--
a 
1 sec 76 55 Apr 27 Sept 12 May 2 Sept 9 Oct 28 May 12 Aug 30 Oct 8 
b 
2 osc 76 65 July 3 Oct 7 Nov 14 June 26 Oct 8 Oct 17 
3 osc 76 55 June 6 Oct 28 July 3 Oct 7 Nov 14 June 26 Oct 8 Oct 17 
4 osc 38 65 June 6 Oct 28 July 3 Oct 7 Nov 14 June 26 Oct 8 Oct 17 
5 osc 38 55 June 6 Oct 28 July 3 Oct 7 Nov 14 June 26 Oct 8 Oct 17 
6 osc 38 45 June 6 Oct 28 
c 
70GC 38 118 July 15 Oct 28 Nov 14 July 6 Oct 17 
8 OGC 38 55 June 20 Oct 28 
$: 




Indicates oat silage followed by corn. -< 
c ~ 
Indicates oat grain followed by corn. e:... 
Table 2. Oat-soybean systems, row widths, population levels, and planting and harvest dates for soybeans in 1977, 
1978, and 1979. 
1977 1978 1979 
Row 
System width Population Plant Harvest Plant Harvest Plant Harvest 
--cm-- --1000--
a scs 76 385 May 13 Oct 10 May 15 Oct 28 May 12 Oct 8 
b 
2 oss 76 385 June 6 Oct 28 July 3 Nov 14 June 29 Oct 17 
3 oss 38 517 June 6 Oct 28 July 3 Nov 14 June 29 Oct 17 
4 oss 19 775 July 3 Nov 14 June 29 Oct 17 
c 
5 OGS 38 517 June 20 July 15 Nov 14 July 6 Oct 17 
6 OGS 19 775 June 20 July 15 Nov 14 July 6 Oct 17 
a 
Indicates sole-crop soybeans. 
b 
Indicates oat silage followed by soybeans. 
c 
Indicates oat grain followed by soybeans. 
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spring before planting, but the N for double-crop corn was applied at second 
crop planting. 
A herbicide solution containing cyanazine (2.24 kg/ha), alachlor 
(2 .8 kg/ha), paraquat (0.56 kg/ha), and x-77 spreader (5 ml/L) was applied to 
the oat stubble before double-crop corn plots were planted. A similar solution 
with chloramben (2.24 kg/ha) substituted for cyanazine was applied to the oat 
stubble before the double-crop soybean plots were planted. Sole-crop corn and 
soybean plots received the same herbicide treatments without paraquat and 
x-77 spreader. Carbofuran (1.12 kg/ha) in granular form was applied to all corn 
plots at approximately growth stage 3 (Hanway, 1971). 
Estimaged total costs of production for the different cropping systems 
were based upon data published for Iowa (Iowa State University, 1979). The 
estimated selling prices were corn grain @ $9 .84/q, soybeans@ $28.48/q , oat 
silage@ $16.00/t dry matter (DM), and corn silage@ $18.00/t DM. A storage 
loss of 10% DM was deducted from silage DM yields. 
RESULTS AND DISCUSSION 
Precipitation 
The success of a double cropping system depends much upon having 
adequate precipitation coincident with planting of the second crop to insure a 
rapid and uniform stand establishment and effective herbicidal weed control. 
In 1977, severe moisture stress prevailed from May through mid-August (Table 3) 
resulting in low yields and no grain development on double-crop corn. Grain 
yields for double-crop corn and for soybeans after oat grain were not recorded. 
Precipitation was above average in 1978 and well distributed throughout the 
growing season resulting in excellent stand establishment and good weed con-
trol. Oat yields in 1979 were below average because of a moisture deficit in 
May, and double-crop corn and soybeans suffered moisture stress into late 
July and August (Table 3). Grain yields were not recorded on double-crop 
corn following oats for grain. All other systems had good stand establishment, 
but supplemental hand hoeing for weed control was needed in wide-row 
double-crop soybean plots. 
Oat Yields 
Oat silage yields for the three seasons were 4.9 t DM/ha in 1977, 
7.2 t DM/ha in 1978, and 5.3 t DM/ha in 1979, with an overall mean of 5.8 t 
DM/ha. Mean straw yield was 4.2 t/ha, and mean grain yield was 34.4 q/ha. 
Because of bird damage, grain yield was estimated by assuming a harvest index 
of 45%. The magnitude of the silage yield from oats in a double cropping 
system will depend somewhat upon the importance of the oats relative to the 
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Table 3. Rainfall from April 1 to Sept. 30, 1977, 1978, and 1979, and normal 
monthly averages at Beaconsfield , Iowa. 
Rainfall in cm per month 
Month 1977 1978 1979 Normal 
average 
April 6.6 14.3 7.0 7.3 
May 5.1 12.3 4.3 9.8 
June 2.5 6.4 17 .0 13.4 
July 3.1 17.4 5.8 7.4 
August 20.0 8.4 2.4 11.8 
September 13 .5 22.3 3.2 9.3 
corn or soybeans. If the system is managed for maximum corn or soybean 
yield, oats could be harvested on a given date rather than at a given stage of 
maturity. Because an early harvest of the oat crop for silage to achieve earlier 
planting of corn or soybeans is desirable, it is difficult to obtain maximum 
dry-matter yields of oats. 
Corn Experiment 
Corn silage yields following oat silage and oat grain were about 48 and 
29% of those for sole-crop corn silage, respectively (Table 4 ). The low yields 
for Systems 6 and 8 in 1977 (see Table 1 for description of systems) were due 
to a combination of late planting, moisture stress, low population level, and 
poor canopy cover. Consequently, in 197 8 and 197 9, these were replaced by 
Systems 2 and 7, both of which utilized larger populations. Comparisons in-
volving Systems 2 through 5 in 1978 showed that corn on 3 8-cm rows, aver-
aged over both populations, outyielded corn on 76-cm rows by about 4 .0 t/ha 
and that the 55,000-plant population resulted in a 2.9 t/ha yield increase over 
the 65,000 population. Differences among treatments in 1979. were smaller, 
and when data were combined for 197 8 and 1979, no significant variation was 
found among the mean corn silage yields for the various systems that involved 
double cropping with oat silage. It is likely that the interaction of corn 
silage yields among systems in 197 8 and 1979 resulted from the different 

























See Table 1 for explanations to systems. 
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1977 1978 1979 
--------------------------- ton s/D M/h a ---------------------------
11.2 26.0 29.0 
b 
11.1 11.8 
4.1 14.9 12.0 
5.2 16.0 13.8 
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Table 5. Grain yields of corn from sole-crop and double cropping systems of 
corn followin5 oats for silage or grain in 197 8 and 197 9 at Beacons-
field, Iowa . 
Row Population 
a 
System width level 1978 1979 
--cm-- --1000-- ---------------- q/ha ----------------
1 sec 76 55 127.5 123 .4 
2 osc 76 65 58.5 69.7 
3 osc 76 55 63.2 75 .3 
40SC 38 65 62.7 54.8 
5 osc 38 55 72.8 74.1 
b 
7 OGC 38 118 43.1 
L.S.D. 0.05 11.7 12.8 
a 
See Table 1 for explanations to systems . 
b 
No data recorded. 
prec1p1tation patterns from July through September in the 2 years (Table 3 ). 
In the good moisture environment of 1978, top yields resulted from 3 8-cm 
rows and a 55 ,000 population; in the moisture-stress environment of 1979, 
38-cm rows still gave the best yields, with a 65,000 population giving the top 
yield. 
Grain yields for corn following oat silage and oat grain were about 5 3 
and 34% of yields from sole-crop corn , respectively (Table 5). In both years, 
the 5 5 ,000-plant population was superior following oat silage, and as with corn 
silage yields, differences among systems were larger in 1978 than in 1979. 
Corn on 38-cm rows outyielded that on 76-cm rows in 1978 but not in 1979. 
Averaged over both years, System 5 (i .e ., oat silage, followed by corn for grain, 
grown in narrow rows with 55,000 plants) gave the highest grain yield . The 
poorest was System 4. 
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Table 6. Yield of soybeans from sole-crop and double cropping systems of 
soybeans followin6 oats for silage or grain in 1977, 1978, and 1979 
at Beaconsfield , Iowa. 
Row Population 
a 
System width level 1977 1978 1979 
--cm-- --1000-- ------------------------ q /ha ------------------------
I SCS 76 385 21.l 28.2 22 .8 
2 oss 76 385 3.3 18.5 17.3 
3 oss 38 517 11.2 18.2 21.3 
b 
4 oss 19 775 28.8 24.6 
5 OGS 38 517 23.4 12.5 
60GS 19 775 22.3 14.3 
L.S.D. 0.05 10.5 1.5 4.5 
a 
See Table 2 for explanations to systems. 
b 
No data recorded . 
Soybean Experiments 
The yield superiority of System 3 in 1977 prompted the inclusion of 
Systems 4 and 6 in 1978 and 1979 (Table 6) . Significantly greater yields of 
soybeans from double cropping after oat silage occurred in both 197 8 and 
1979 as row widths were decreased from 76 to 19 cm, with simultaneous 
increases in plant population from 3 85 ,000 to 77 5 ,000 plants/ha. Grain yields 
from System 4 (i.e., 19-cm rows and 77 5,000 plants) were slightly higher , but 
not significantly so, than those from the sole-crop soybeans (System 1) in both 
years. Mean yields for Systems 5 and 6 (i.e., soybeans following oats for grain) 
were 81 and 59% of the sole-crop yields in 1978 and 1979, respectively . 
Yields from Systems 5 and 6 did not differ in either year. The greater yields 
in 197 8 resulted from a mild autumn with an extended growing season (Table 1 ). 
The 1979 results reflect the effects of a moisture deficit in July and shorter 
growing season . 










Estimated economic costs, gross returns , and net returns from sole-
crop corn for grain and four double cropping systems with corn 
following oat silage based on 1978 and 1979 data. 
Row Popula- Costs Gross returns Net 
width ti on Oats Corn Oats Corn returns 
--cm-- --1000-- --------------------------------- $/ha----------------------------------
76 55 661 1235 574 
76 65 302 457 303 631 175 
76 55 302 451 303 682 232 
38 65 302 457 303 579 123 
38 55 302 451 303 723 273 
See Table 1 for explanations to systems. 
Planting soybeans in 19-cm rows resulted in a reduction in the time 
needed for the canoµy to reach the date of full ground cover. Double-crop 
soybeans in 76-cm rows never did achieve full ground cover, and soybeans in 
3 8-cm rows reached full ground cover only late in the growing season. Further, 
the rapid canopy development in 19-cm rows enhanced weed control. The 
realtive contributions of narrower rows and larger populations could not be 
determined from the data available, but System 4 (775,000) outyielded Sys-
tem 2 (385,000) significantly in both 1978and 1979. System4gavesignificantly 
greater soybean yields than did System 3 (517,000) in 1978 but not in1979. 
Generally, soybean plants in the various double cropping systems 
following oats for grain were very short (30 cm in 1979), which could make 
mechanical harvesting difficult. However, plant height for soybean plants in 
systems following oats for silage (61 cm in 1979) would be sufficiently tall for 
mechanical harvesting. 
Economic Analysis 
Net economic returns from sole-crop and double cropping systems 
following oats for silage were estimated from the data for 197 8 and 1979 
(Tables 7 and 8). The oat silage crop in a double cropping system absorbs 
Table 8. Estimated economic costs, gross returns, and net returns from sole-cropping soybeans and three double crop-















See Table 2 for explanations to systems. 
Costs Gross returns 
Oats Soybeans Oats Soybeans Net Returns 
--------------------------------------------------- $/ha---------------------------------------------------
516 726 210 
302 324 303 510 187 
302 331 303 562 232 
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certain fixed costs, such as land preparation, which in turn increases the net 
return from the corn or soybean crop. The costs of seed, chemicals, and plant-
ing of the second crop were low relative to other costs of production. 
The data for the several corn-grain systems showed that none of the 
double cropping systems was as good economically as the sole-crop corn 
(Table 7). The nearly 5 3% grain y ield reduction due to late sowing was not offset 
by profit from the oat crop. The best system was System 5 (3 8-cm rows and 
5 5 ,000 plants/ha) , but it produced only 48% as much net return as System 1. 
Results from the corn-silage systems were similar. 
Conversely , two double cropping systems utilizing soybeans gave net 
returns that were as good or better than sole-crop soybeans (Table 8). Systems 
3 and 4 (38-cm rows with 517 ,000 plants and 19-cm rows with 775,000 
plants, respectively) gave net returns 11 and 94% greater than sole-crop soy-
beans. System 4 would be compatible with the normal corn-soybean rotation, 
boosting output by using an oat-soybean system during the soybean year. 
Inclusion of a spring oat crop would permit growing three crops on the same 
area of land over a 2-year period. An added bonus from this system would 
be the beneficial effect of full ground cover being maintained for a longer 
period of the year. 
The major uncontrollable factor in a double cropping system in the 
Corn Belt is the moisture supply, especially to germinate the second crop. 
Mean normal precipitation data for the site where our experiments were con-
ducted suggest that sufficient precipitation generally is available. Of course, 
double cropping systems are flexible, and either crop could be excluded in low-
moisture years. 
Our results, although based on a limited number of genotypes, loca-
tions, and years, suggest that a double cropping system of oat silage and soy-
beans may be a worthwhile alternative in the area where our experiments were 
conducted. The identification of soybean and oat cultivars that would produce 
consistent, moderat~-to-high yields of soybeans grown in sequence with an oat 
grain crop would be advantageous, because of the added income from an oat 
straw crop. None of our double cropping systems that utilized spring oats and 
corn looked promising. 
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RESPONSE OF SOYBEAN TO FOLIAR FERTILIZATION 
AND DROUGHT STRESS 
1 
2 
R . L. Snyder , R. E. Carlson, and R.H . Shaw 
ABSTRACT. Infrequent and unpredictable yield responses of soybeans [Glycine max (L.) 
Merr.] to foliar fertilization have led to speculation that plant-water status may be a factor 
in the observed inconsistencies. This is a report on interactions between drought stress and 
foliar fertilization under field-grown conditions . 
In 1976 , foliar fertilizer was applied three times during seed fill to 'Corsoy' soy-
beans growing under three different soil-water regimes. In 1977, foliar fertilization was 
applied twice to the cultivars 'Corsoy ,' 'Harcor,' and 'Ottilie 7270' under two soil-water 
regimes. 
Prolonged stress on field-grown soybeans reduced seed yields in both seasons. 
Number of seed ha-
1 
was reduced by drought stress both years, but 100-seed weight was 
reduced only when the drought period coincided with seed filling . When adequate soil water 
was available during seed filling, the 100-seed weight was greater for previously stressed 
plants than for unstressed plants. 
Harcar soybeans had a 7-9% yield increase with foliar fertilization under both 
soil-water treatments. Ottilie 7270 had a 16% yield increase for the rainfed soil-water treat-
ment with foliar fertilization but showed no response under irrigation . In both years, Corsoy 
did not respond to foliar fertilizer. When foliar fertilization affected yield, the difference 
was accounted for in seed number. 
Index descriptors: Fertility , Glycine max (L.) Merr., irrigation, water relations, 
vertical profiles. 
INTRODUCTION 
Foliar fertilization of soybeans [Glycine max (L.) Merr.] , cultivars 
'Hawkeye,' 'Corsoy,' 'Amsoy,' and 'Hark,' grown under adequate soil-water 
conditions during the seed filling period, has been shown to increase final 
seed yield (Garcia and Hanway, 1976). Others have shown foliar fertilization 
on soybeans to have no commerically useful effect on yield production (Boote 
et al. , 1978; Robertson et al., 1976 ; Sesay and Shibles, 1980). These authors 
used the varieties 'Hark,' 'Chippewa,' 'Corsoy,' and 'Bragg.' Inconsistencies in 
their results may be related to many factors, including plant-water status. 
1 
Journal Paper No. J-10617 of the Iowa Agriculture and Home Economics Experiment 
Station, Iowa State University, Ames, IA 50011. Project 2088. 
2 
Former Graduate Assistant in Agronomy , now Biometeorologist, Department of Land, Air 
and Water Resources, University of California, Davis, CA 95616 ; Professor; and Distin-
guished Professor, Department of Agronomy, Iowa State University, Ames, IA 50011, 
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260 SNYDER et al. 
Foliar fertilization has been observed to increase pools of N, P, and K 
and levels of free amino acids in soybean leaf blades but to have no effect on 
photosynthetic rates , leaf blade soluble protein content, leaf blade chlorophyll 
content, total nonstructural carbohydrate concentration in leaf blades, or seed 
yield (Sesay and Shibles, 1980). A cultivar by foliar fertilization interaction 
was observed for free amino acid content and protein concentrations in the 
leaf blade in Sesay and Shibles' 1976 experiment but not in their 1977 exper-
iment. Boote et al. (1978) found that foliar fertilization failed to increase leaf 
blade N content, gross photosythesis , or photosynthetic duration enought to 
increase seed yields of soybeans. No increase in seed number (Boote et al. , 
1978) or pod number (Sesay and Shibles, 1976) over their respective controls 
resulted from foliar fertilization . Garcia and Hanway (1976) found yield 
increases resulted from increased seed number , especially in the upper one-
third of the plant's vertical profile (Garcia, 1976). 
It is well known that drought stress can reduce seed yields of soybeans. 
There are critical periods in the life cycle of soybeans when drought stress can 
affect yield more than in others (Sesay and Shibles , 1976). This is especially 
true for the reproductive stages of development. The severity of plant stress 
at these critical periods in plant development determines the magnitude of 
yield reductions (Hsiao, 197 3; Slatyer, 1969). Drought effects during different 
developmental periods on seed yields and yield components of soybeans have 
been investigated previously (Shaw and Laing, 196 5; Sionit and Kramer , 
1977) . 
Because drought stress reduces soybean yields (Shaw and Laing, 196 5 ; 
Sionit and Kramer, 1977) and foliar fertilization may or may not increase 
yields (Boote et al., 1978 ; Garcia and Hanway , 1976; Robertson et al. , 1976 ; 
Sesay and Shibles, 1980), we were interested in testing for interactions between 
drought stress and foliar fertilization during seed filling of soybeans. 
MATERIALS AND METHODS 
Three cultivars ('Corsoy,' 'Harcor,' and 'Ottilie 7270') of indeterminate 
soybeans were selected for study because of their local popularity and maturity 
differences. Ottilie 7270 matures about one week later than Corsoy and Har-
car. Corsoy has previously shown excellent response to foliar fertilization 
(Garcia and Hanway , 1976). 
Experiments were conducted on field-grown plantings during the 1976 
and 1977 growing seasons at the Hinds Irrigation Farm near Ames, Iowa. 
Fertilizer was surface-applied and plowed down in Huntsville soil, a fine-silty, 
mixed , mesic Cumulic Hapludoll, at rates of 56:40 :50 and 450:70:90 kg ha- 1 
of N, P, and K for the 1976 and 1977 seasons, respectively. Trifluralin was used 
as a herbicide in both seasons. 
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EXPERIMENTAL DESIGN 
Corsoy soybeans were machine-planted on 18May 1976 in 76-cm-spaced 
east-west rows at approximately 24 7 ,000 seed ha- 1 to six blocks of a split-
plot design . Each block contained three soil-water treatments with two foliar 
fertilizer treatments randomly assigned to each soil-water treatment. Each 
treatment was applied to an area approximately 9 .1 x 13. 7 m. 
Three cultivars ('Corsoy,' 'Harcar,' and 'Ottilie 7270') were hand-
planted on 12 May 1977 in 76-cm east-west rows at approximately 24 7 ,000 
seeds ha-
1
. A....split-split-plot design , with nine blocks, two soil-water treatments 
as whole plots, and three cultivars as subplots, was used. Each subplot was split 
to include two foliar fertilizer treatments. Again , each soil-water treatment was 
applied to an area approximately 9.1x13.7 m. 
Treatment Descriptions 
Soil-water treatments consisted of rain-fed and rain-fed plus irrigation 
(furrow). An additional soil-water treatment was used in 1976 to alter the soil-
water regime. We did this by covering the soil between rows with black plastic 
to prevent rainfall infiltration. Other microclimate variables were certainly 
affected by the plastic covering, but this was not documented in this experi-
ment. This treatment was deleted from the 1977 experiment to allow for a 
cultivar comparison. Unusual drought conditions existed in central Iowa during 
the 1977 growing season, and the entire experiment was sprinkler irrigated on 
several occasions to prevent plant death in the control plots. 
Volumetric soil water was measured with a commercially available 
Troxler Depth Moisture Gauge in the center of each whole plot to a depth of 
180 cm by 30-cm increments. The water content in the top 30 cm was meas-
ured gravimetrically. On 20 July 1976 , when compared with the irrigated 
treatment , the rain-fed and covered plots had soil-water levels of 60% and 80%, 
respectively. In 1977, based on five weekly samples taken over the period, 
volumetric soil-water values for rain-fed plots averaged about 70% of those of 
the irrigated plots from late June through late July. Heavy rainfall (327 mm) 
during the first half of August eliminated the soil-water treatment differences. 
Foliar fertilizer was applied three times in the 1976 experiment. The 
first application was at stage R-5, the second 10 days later , and the third 20 
days after stage R-5 (Fehr and Caviness, 1977). Each application had a ratio of 
25:2 .5:7 .5:1.25 kg ha-
1 
of N, P, K, and S. The total of three applications is 
75:7.5:22 .5:3.75 kg ha-
1 
of N, P, K, and S, respectively. 
Foliar fertilizer was applied with hand sprayers on 2-3 August and on 
10-12 August in 1977 to two 9-m rows for each cultivar within each whole 
plot. With the exception of Blocks 8 and 9, which received their second appli-
cation on the morning of 12 August , all plots were sprayed during late afternoon . 
262 SNYDER et al. 
Foliar fertilizer was applied at a rate of 3 76 liters ha-
1 
each application, and the 
total amount of nutrients applied was 45 :4.5:13 .5:2.25 kg of N, P, K, and S 
ha-
1
, respectively. Boron and zinc were included in the solution of 35 and 40 
ppm, respectively. Carrier compounds were fertilizer-grade Urea, K-Poly, 
KN03 , K2 S04 , H2 S04 , H3 B03 , and ZnS04 ·7H2 0 . Corsoy and Harcar were 
at stage R-5 during both applications. Ottilie 7270, however, reached stage R-5 
after 2 August and received its first application near the end of the stage R-4. 
In both years, clear plastic was held between spray and no-spray rows to pre-
vent foliar fertilizer drift. Control plots were not sprayed with water, while the 
quantity of liquid applied in each foliar fertilizer application (40 ml of solution 
m -2 of land area) was small enough such that it probably was not a factor. 
In 1976, samples were obtained from one spray and one no-spray row 
centrally located within each plot. In 1977, two spray and two no-spray rows 
were sampled. Yield samples were oven-dried and adjusted to 14% moisture. 
Final seed yield, seeds ha-
1
, and 100-seed weights were determined. Plant 
vertical profile differences were investigated by sampling 10 plants in each 
treatment combination from two blocks at harvest. Plants were divided into 
four layers of six nodes each , numbered from the bottom upward, with the 
unifoliate node designated as node 1. Seed yield, number of pods , and number 
of seeds were determined for each layer. 
RESULTS AND DISCUSSION 
Cultivar Effects 
Cultivars exhibited significantly different numbers of seeds ha-
1 
(6% 
level) and 100-seed weight (1 % level) in 1977 experiments (Table 1). Ottilie 
7270 expressed the greatest 100-seed weight and was followed by Corsoy and 
Harcar. Interestingly, Ottilie 7270 produced fewer seeds than the other two 
cultivars, but because the seeds were significantly larger , Ottilie 7270 exhibited 
the greatest overall yield (Table 1 ). Ottilie 7270 matured seven days later than 
the other cultivars in this study (M. Karimi-Abadchi , Iowa State University, 
Pers. Comm. , 1978). It was still green and producing photosynthate after the 
other cultivars had reached maturity . Above-normal precipitation received 
during August and September as well as a later-than-usual frost may partly 
account for the larger seeds and greater seed yield of Ottilie 7270 relative to 
Corsoy and Harcar, especially in the rain-fed treatment . 
Soil-Water Effects 
Soil-water treatments produced significantly different effects on 
final seed yield, seeds ha-' , 100-seed weight, and plant height in 1976 (Table 2). 
The irrigated and rain-fed plants revealed the highest and lowest seed yield and 
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Table 1. Mean cultivar, irrigation , and foliar fertilizer treatment effects, 1977, 
for soy bean. 
Variable Measured 
Treatment Seed Yield Seeds ha- 1 100-seed 
effects (x 107 ) wt. 
Kg ha- 1 No. g. 
Cul ti var 
Corsoy 2968 1.72 17.3 
Harcor 2853 1.68 17.0 
Ottilie 7270 3102 1.60 19.4 
LSD 0.05 250 0.15 0.4 
Soil Moisture 
Irrigated 3209 1.82 17.7 
Rain fed 2740 1.52 18.1 
LSD 0.05 227 0.11 0.2 
Foliar Fertilizera 
Two sprays 3034 1.72 17.8 
None 2914 1.63 18.0 
LSD 0.05 130 0.07 0.2 
a _1 . . . 
22.5 :2.25 :6.75:1.25 kg of N, P, K, and Sha applied on 2-3 August (near the begmnmg of 
stage R-5) and again on 10-12 August . 
Table 2. Soybean seed yield and yield component means for 1976. 
a 1 
Seed Yield Seeds ha- 100-Seed Plant 
1 
x 10
7 (kg ha- ) Weight (g) Height (cm) 
Irrigated 3859 2.33 16.5 123 
Rain fed 2223 1.63 13 .6 94 
Covered 2945 2.03 14.5 100 
LSD 0.05 507 0.27 0.7 8 
a 
Mean values were calculated over foliar fertilizer treatments because those treatments were 
no different . 
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yield component means, respectively. The black-plastic-covered treatment plots 
were able to maintain greater soil-water levels than the rain-fed treatment plots , 
because the plastic served to prevent soil evaporation. This may be the reason 
for greater yields observed in the covered than in the rain-fed plots. 
In 1977, irrigation increased seed yield 1 7%, increased calculated seed 
numbers 19%, and reduced 100-seed weight 2% (Table 1 ). All differences were 
significant at the 0.01 level of probability . 
Note the severe moisture-stress effect on 100-seed weight of Corsoy 
in 1976 (Table 2) . Corsoy 100-seed weight was greater in the irrigated treat-
ment in 1976 , but less in 1977 when compared with rain-fed plots (Table 3 ). 
Late-season rainfall received in 1977 , but not in 197 6 , may explain the differ-
ence inasmuch as the rain-fed treatment for Corsoy was stressed during the 
entire seed-fifling period in 1976. 
Foliar Fertilizer Effects 
As an average across the three cultivars , the foliar fertilizer increased 
seed yield 4%, increased calculated seed numbers 5%, and reouced 100-seed 
weight 1 % (Table 1 ). Differences were significant at the 0 .10, 0.05 , and 0.01 
levels of probability , respectively . Interaction effects with soil-water treatments 
were not significant when pooled over cultivars. 
Of the three cultivars, however, only Harcar had a positive (9%) yield 
response to foilar fertilization under both soil-water regimes (Table 4 ). Rain-fed 
Ottilie 7270 also had a yield increase of 16% with foliar fertilizat ion (Table 3) 
but had no response for the irrigated treatment. Corsoy showed no significant 
responses in 1976 or 1977. Positive yield responses to foliar fertilization always 
resulted from increased seed number (Tables 2-4 ). 
Culivars expressed different yield characteristic distributions through-
out their vertical profiles , and irrigation had different effects on the distribu-
tions; however , we found no layer in the plant vertical profile to be more 
responsive to foliar fertili zation than any other layer. Means are given in 
Table 5. 
Leaf burning was a problem in this experiment, but we have no data 
on the amount of burnin5. There did not appear to be differences between 
cul ti vars or irrigation treatments ; nevertheless, the two blocks sprayed on the 
morning of 12 August 1977 seemed to have more burning than those sprayed 
in the early evening. 
CONCLUSIONS 
Drought stress treatments induced obvious deleterious effects on the 
seed yield and yield components of soybeans in these experiments . Severity 
of stress, timing of stress , and <lifferences in cultivars are all important factors 
in determining these yield effects. 
Table 3. Mean soy bean seed yields, seeds 
1 
ha- , and 100-seed weight for all cultivars and treatment combinations in 
1977. 
Variety 
Corsoy Harcor Ottilie 7270 
Soil-Moisture 
Variable Treatment Foliar Fertilizer Treatment 
a 
b 
YES NO YES NO YES NO 
Seed Yield Irrigated 3228 3273 3256 2965 3204 3327 
(kg ha-1 ) Rain fed 2679 2691 2687 2504 3152 2724 
Seeds ha-1 (x 107 ) Irrigated 1.88 1.91 1.94 1.75 1.68 1. 73 
(no.) Rain fed 1.55 1.55 1.58 1.44 1.62 1.37 
100-seed weight Irrigated 17.2 17 .1 16.8 16.9 19.0 19.2 
(g) Rain fed 17.3 17.4 17.0 17.4 19.5 19.9 
a LSD 0 .05 for foliar-fertilizer effects at the same level of soil-moisture treatment and cultivar are 317 kg ha-1 , 0.17 x 10 
7 
no ., and 0.4 g for 
the seed yield, seeds ha-
1 
, and 100-seed weight, respectively. 
b I 
22.5 :2.25:6 .75:1.125 :-kg of N, P, K, and Sha- applied on 2-3 August (near beginning of stage R-5) and on 10-12 August to 'YES' plots, 
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Table 4. Mean soybean seed yields, seeds ha-
1
, and 100-seed weight by culti-
var, for non-foliar-fertilized and foliar-fertilized soybeans in 1977. 
Variety 
Corsoy Harcor Ottilie 7270 
a 
Variable Foliar Fertilizer Treatment 
b 
YES NO YES NO YES NO 
Seed Yield (kg ha- 1 ) 2954 2982 2971 2734 3178 3025 
Seeds ha- 1 (x 10 
7 
)(no.) 1.72 1.73 1.76 1.59 1.65 1.55 
100-seed weight (g) 17 .2 17.2 16.9 17.1 19.2 19.6 
a 1 7 
LSD 0.05 for foliar fertilizer effects are 225 kg ha- , 0.12 x 10 no., and 0.3 g for the seed 
yield , seeds ha-
1
, and 100-seed weight respectively . 
b 1 
22 .5:2.25 :6.75 :1.125 kg of N, P , K, and Sha- applied on 2-3 August (near the beginning 
of stage R-5) and again on 10-12 August to 'YES' plots , none applied to 'NO ' plots. 
Table 5. Mean soybean pod number, seed number, and seed weight for 





Layer Treatment Pod Number Seed Number Seed Weight 
Yes 23 .6 47.6 8.1 
No 24.0 49.6 8.2 
2 Yes 26 .9 58.9 10.5 
No 25.6 55.2 10.4 
3 Yes 19.4 42 .1 7.4 
No 19.0 42.5 7.7 
4 Yes 4.4 10.0 1.6 
No 5.9 12.7 1.8 
a 
Layers are numbered from the surface upward with six nodes in each layer. 
b 
Just like in Table 4. 
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Timing of stress importance was demonstrated by the different 100-
seed weight response for Corsoy soybeans in 1976 and 1977. Prolonged stress 
over the entire season greatly reduced 100-seed weight in 1976. Late-season 
rainfall in 1977, however, allowed the previously stressed plants to recover 
some of their yield potential by filling fewer seeds to a larger size. This illus-
trates one aspect of the soybean plant's ability to recover from earlier periods 
of stress . 
Further study is needeJ to determine why these cultivars respondeci 
differently to foliar fertilization . We found foliar fertilization effects on yield 
in these experiments to be, essentially , unrelated to soil-water conditions , 
with the notable exception of Ottilie 7270 on the rain-fed plots. The response 
of the later maturing Ottilie 7270 may have resulted from the unusual weather 
conditions during the 1977 season , but duplication would be difficult. Demon-
stration of consistent positive yield results with foliar fertilization on soybeans 
grown with ade4uate soil water should be a prerequisite for further studies on 
interactions with drought stress . 
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ABSTRACT. European corn borer larvae, Ostrinia nubilalis (Hi.i bner), were reared in the 
field and/or laboratory for 0 to 184 generations (up to 17 years) without diapausing. In 
1981 , the cultures were reared under both nondiapause- and diapause-inducing conditions. 
Genes controlling diapause evidently were not selectively removed from the cultures because 
expression of diapause reoccurred when larvae were reared under diapause-inducing condi-
tions. Rather, the diapausing gene or genes were not expressed when the larvae were reared 
under nondiapausing conditons. 
Index descriptors: European corn borer , diapause, Ostrinia nubilalis. 
When the European corn borer (ECB) , Ostrinia nubilalis (Hubner ), was 
discovered in North America, it was reported to consist of a bivoltine popula-
tion in Massachusetts (Vinal, 1917) and a univoltine population in western 
New York (Felt, 1919). For the first 14 years after the ECB entered Ohio 
(in 1921) , it had only 1 generation per year; after 1935 , the Ohio population 
consisted of a mixture of 1- and 2-generation strains (Arbuthnot, 1949). The 
ECB population that spread from Ohio into Indiana, Illinois, and central Iowa 
consisted of a mixture of 1- and 2-generation strains. At present, ECB popula-
tions in North America consist of 3 ecotypes (Showers et al., 197 5) with 
approximate distribution as follows: (1) northern (1 generation per year) 
represented by Minnesota and Quebec populations, (2) central (2 generations 
per year) represented by Iowa, Nebraska, and Ohio populations , and (3) south-
ern (3-4 generations per year) represented by Alabama, Georgia, and Missouri 
populations. As the ECB spread over North America, therefore, its diapause 
characteristics have been variable and dependent upon geographic location. 
We have conducted several field and laboratory studies on ECB larvae 
reared for many generations on a meridic diet. ECB larvae reared continuously 




Joint contribution : Corn Insects Research Unit, United States Department of Agriculture, 
Agricultural Research Service, and Journal Paper No. J-10695 of the Iowa Agriculture and 
Home Economics Experiment Station , Ames , IA 50011. Project No. 2513. 
3 
Corn Insects Research Unit, USDA-ARS, Ankeny, IA 50021, and Department of Entomol-
ogy, Iowa State University, Ames , IA 50011. 
270 JARVIS et al. 
survive on maize plants under field conditions (Guthrie et al., 1974 ), but 
larvae reared 1 generation each year on resistant or susceptible genotypes 
of maize (for a total of 16 generations) and 8 generations each year (for 
a total of 120 generations) on a meridic diet maintained their ability to survive 
on maize plants (Guthrie et al., in press). The decreased survival on maize 
plants of ECB larvae continuously reared on a meridic diet is genetically con-
trolled (Guthrie and Carter, 1972) with the major type of gene action being 
additive (Rathore et al., 1976). 
ECB larvae reared for 133-160 (M133-M160) generations on a meridic 
diet in the laboratory survived as well as, and pupae weighed as much as, 
larvae from the MS control culture (reared 5 generations on a meridic diet). 
But larval development (number of days to pupation and to adult emergence) 
was slower than that of the control culture (Guthrie et al., 1980b). Mating suc-
cess and hatchability of eggs of cultures reared 13 3-160 generations on a mer-
idic diet were about the same as for control cultures (Onukogu et al., 1980), 
but fewer larvae of culture M160 crawled out of the diet into corrugated strips 
of paper to pupate than did the MS check culture (Guthrie et al., 1980a). 
The present paper is, therefore, part of a continuing exploration of the 
most effective method of maintaining insects in the laboratory without chang-
ing characteristics important to research. The specific subject herein reported 
is whether ECB larvae reared for many generations (up to 17 years) under 
nondiapausing conditions (constant light, a temperature of 27° C, and 7 S% 
RH) have had the genes for diapause selectively removed. 
MATERIALS AND METHODS 
We used 10 ECB cultures (Table 1) whose origin was as follows: The 
check culture had not been reared under nondiapausing conditions. Diapaus-
ing larvae were collected from a feral population during November 1980 
and were placed under a temperature of S0 C. In February 1981, the larvae 
were isolated individually in vials and were placed under a temperature of 
27° C to break diapause. Progeny from this source were used as 1 culture. 
ECB cultures MB and M1S6 were reared on a meridic diet containing wheat 
germ (Guthrie et al., 1971) for 8 and 1S6 consecutive generations, respectively. 
From 196S through 1980, ECB cultures Cl31AF, Oh43F, and WF9F had been 
reared 1 generation each year on inbred lines of dent maize CI31A, Oh43, and 
WF9, respectively , and 8 generations each year on a meridic diet (for a total 
of 16 generations on maize· plants and 128 generations on a meridic diet con-
taini~g wheat germ for a cumulative total of 144 generations). From 1965 
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Table 1. Number of generations European corn borer larvae were reared under 
nondiapause conditions . 
ECB No. of generations No. of generations Total 
Culture on diet on maize plants generations 
Check 0 0 
MB 8 0 8 
CI31AF 128 16 144 
Oh43F 128 16 144 
WF9F 128 16 144 
M156 156 0 156 
CI31AL 152 8 160 
Oh43L 152 8 160 
WF9L 152 8 160 
M184 184 0 184 
1972, ECB cultures Cl31AL, Oh43L, and WF9L had been reared for 1 gener-
ation each year on inbred lines of dent maize CI31A, Oh4 3, and WF9, respec-
tively , and 8 generations each year on a meridic diet (containing wheat germ) , 
for a total of 8 generations on maize plants and 64 generations on the specified 
diet; from 1973 through 1980, these cultures were reared 88 generations on the 
diet only for a cumulative total of 160 generations. M184 was reared on a 
meridic diet containing dried , ground maize leaves (WF9 X M14) as a replace-
ment for wheat germ for 184 consecutive generations. All cultures (except the 
check culture and culture M8), therefore , had been reared for many generations 
(up to 17 years) under nondiapausing conditions. 
The 10 ECB cultures were reared in environmental cabinets. One 
cabinet was programmed for diapause-inducing conditions (12 hr light with a 
temperature of 27-28°C, 12 hr darkness with a temperature of 14-15°C); 
a second cabinet was programmed for nondiapausing conditions (constant 
light with a fluctuating temperature as in cabinet 1 ). Both cabinets were main-
tained at 7 5% RH. In each cabinet, first-instar larvae from the ten cultures 




Table 2. Larval survival and development of European corn borer cultures reared under nondiapause- and diapause-
inducing conditions. 
Reared under nondiapause- Reared under diapause-
inducing conditions inducing conditions 
Number Percentage Percentage 
ECB of days survival to Percentage survival to Percentage 
culture to pupation pupation diapause diapause diapause 
Check 21.6 93 .5 0 96.5 100 
MB 20.2 94.7 0 96.5 100 
CI31AF 19.7 96.5 0 96.5 100 
Oh43F 20.4 96.5 0 98.8 100 
WF9F 19.7 96.5 0 95 .3 100 
M156 19.2 98.8 0 98.2 100 
Cl31AL 20.0 96 .5 o· 95.9 100 
Oh43L 20.1 97.0 0 97 .0 100 
WF9L 19.5 98.2 0 98.2 100 
M184 19.8 94.7 0 97 .6 100 ._ 
> 
:;ti 
Mean 20.0 96.3 0 97.1 100 < Vi 
~ 
e. 
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Vials containing larvae were placed in trays divided into 10 rows with 17 vials 
per row. Each row contained 1 ECB culture, and each tray was a single replica-
tion . A Latin square design with 10 replications was used in each cabinet. 
RES UL TS AND DISCUSSION 
Average survival of the 10 ECB cultures reared under nondiapausing 
conditions was 96.3%; mean larval pupation of the 10 cultures occurred 20 
days after egg hatch. Average survival of the 10 cultures reared under diapause-
inducing conditions was 97 .1 % ; all larvae diapaused, and the experiment was 
terminated 40 days after egg hatch (Table 2). 
Reed et al. (1981) determined that diapause in the ECB is sex-linked 
and that the nondiapause characteristic can be selected in ECBs reared under 
diapause-inducing conditions. Because our 10 ECB cultures were originally 
collected from feral moth populations in one location in North America 
(central Iowa) and because no selection for the nondiapause characteristic 
was practiced in the cultures, we hypothesized that (even though 8 of the 
10 cultures had been reared for many generations without diapausing) most 
of the larvae would retain their ability to diapause . Our study showed that 
genes controlling diapause were not selectively removed from the cultures 
because expression of diapause reoccurred when larvae were reared under 
diapause-inducing conditions. Rather, larvae retained the diapausing gene or 
genes , and diapause simply was not expressed when the larvae were reared 
under nondiapausing con di tons for this extended period (184 generations; 
17 years). 
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ABSTRACT. This paper reviews research on the effects of European corn borer (ECB), 
Ostrinia nubilalis, infestations on sorghum (Sorghum bicolor) . The report describes tech-
niques of making artificial infestations and resistance ratings, and presents the conse-
quences of infestations on grain yield and other agronomic traits. Reductions in yield 
and seed size from ECB infestations are assessed in several types of sorghum popula-
tions. Recurrent selection as a procedure for increasing the resistance of populations 
to ECB is examined. 
Index descriptors : Sorghum bicolor (L.) Moench, Ostrinia nubilalis (Hubner), 
sorghum, insect, resistance, and corn borer. 
The European corn borer (ECB), Ostrinia nubilalis (Hubner), was first 
detected in the United States near Boston, Massachusetts, in 1917. It has been 
postulated that this insect was introduced in broomcorn (Sorghum dochna 
(Forsk.) Snowden) from Italy or Hungary about 1909 (Smith , 1920). The 
borer became established in New England and then spread throughout most 
of the maize-growing regions of the United States. It is one of the most destruc-
tive insect pests of maize (Zea mays L.) 
Athough the primary host of ECB is maize , the insect attacks sorghum 
(Sorghum bi color (L.) Moench) and numerous other species . Hodgson (1928) 
reported more than 200 host plants in New England alone. Dicke (193 2) re-
lated its close association with maize to the facts that the insect, with but a 
single generation annually, emerged when maize was abundantly present and 
attractive to the ovipositing moth. He observed, however, that , in the absence 
of maize , the borer consistently established on a variety of plants, including 
sorghum, sudangrass (Sorghum sudanense (Piper) Stapf), and broomcorn. 
During the late 1930s a two-generation strain of the ECB developed in 
the north-central Corn Belt . Since then, this form has become predominant 
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(Brindley and Dicke , 1963 ). Maize plants are infested by the first-generation 
larvae in June and early July when plants are in the whorl stage , and the larvae 
feed on leaf tissue before it emerges from the whorl. The second-generation 
larvae infest in late July and early August when pollen is shedding and silks 
are emerging. At this time , the larvae feed on pollen in the leaf axils and on 
collar and leaf-sheath tissue. 
Reports on the inheritance of resistance to the ECB, therefore, usually 
refer to either first-generation or second-generation resistance. Russell et al. 
(1974) pointed out that this terminology is one of convenience that has devel-
oped as a consequence of the fact that two stages of plant growth are involved. 
Though the maize breeder is concerned both with resistance to leaf feeding in 
the whorl stage and later with resistance to sheath-collar feeding when vegeta-
tive growth is completed, the generation of borer used to identify the two 
kinds of resistance is of no significance. On the other hand, ECB damage in 
sorghum is manifest almost entirely from second-generation borer infestations 
(Dicke et al., 1963; Hodgson, 1928; and Painter and Weibel, 1951 ). Larvae of 
the first generation feed in the whorl producing small lesions similar to early 
leaf injury on corn, but these larvae seldom develop beyond the second or third 
instar. 
Techniques for making artificial infestations and rating the extent of 
borer damage on the host plant are well established (Guthrie et al., 1971 ). 
Extensive studies of the performance of maize lines and hybrids have demon-
strated substantial yield losses from both first- and second-generation infesta-
tions. For example, Penny and Dicke (1959) found that grain yields were 
reduced an average of 19% in single crosses that had two susceptible parents 
when plots received supplemental egg masses for first-generation infestations. 
Yield losses from second-generation infestations ranged to a high of 11 % when 
a susceptible line, W22 , was used in combination with nine other lines by Scott 
et al. (1967). Average reductions in yield from second-generation larvae in the 
experiments of Guthrie et al. (1975) were 11 % in one year and 3 5% in another. 
Extensive research also has been conducted in maize on the inheritance 
of resistance to ECB. Studies with first-generation larvae have indicated that 
resistance was governed by genes at several loci and that the effects were 
cumulative among loci (Patch et al., 1942; Penny and Dicke, 19 56 ; Scott et al. , 
1966). Similarly, research with second-generation borers has shown that 
resistance is inherited in a polygenic manner (Jennings et al., 1974a, 1974b; 
Onukogu et al. , 1978). Resistance seems partially dominant, and the major 
portion of the genetic variance is of the additive type for both generations of 
the borer (Ru bis , 19 54; Scott et al., 1964; Jennings et al., 197 4a, 197 4b; 
Sadehdel-Moghaddam et al., in press). Recurrent selection, with S 1 progeny 
testing, was shown by Penny et al. (1967) to be an effective procedure for 
improving the resistance of maize populations to the borer. Two cycles of 
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selection shifted the frequencies of genes governing resistance from a low to a 
high level , and three cycles produced essentially borer-resistant lines. 
Severe infestations by the ECB have been observed less frequently in 
grain sorghum than in maize , and the smaller acreage of sorghum in areas 
where ECB predominates renders the problem of less regional economic signif-
icance. Also , development and expression of damage in sorghum occurs in a 
shorter period , because the damage is derived largely from second-generation 
infestations . Nevertheless, substantial infestations have been observed in 
sorghum fields in years of large second-generation moth populations, and the 
severity of infestation has been observed to differ among lines and hybrids. 
Although less extensive than for maize , an appreciable effort has been 
directed toward investigating the effects of ECB on the performance of sor-
ghums. The purpose of this paper is to provide a review of past research and to 
report work currently in progress . 
ECB INFESTATIONS IN SORGHUM 
Early observations in Massachusetts by Hodgson(l 928) showed that 
sorghums rarely were infested by the first generation, and the numbers of 
second-generation larvae were few. Feeding on the grain was negligible , and 
yield reduction was believed to be slight. Kafir types yielded the least larvae 
per infested plant (O. 3 to 0.4) and feterita varieties the most (2.6 to 2.8). 
Hegari and milo varieties usually were intermediate in numbers of larvae per 
plant. 
Subsequent observations of ECB infestations on sorghum were reported 
by Huber et al. (1928), Thompson and Parker (1928), Babcock and Vance 
(1929), Dicke (1932), and Clark (1934). In Manchuria and Korea, Clark (1934) 
found 15 to 30% of the plants of grain sorghum infested. As compared to corn, 
there was less migration of immature larvae from upper to lower portions of 
the stalk. Consequently, most full-grown larvae were found in the upper 1 
meter of stalk at harvest . Hsu (1936) reported that some varieties of sorghum 
in China were resistant to stem borers, including ECB and several other species. 
In Iowa, working with larvae derived from the single-generation population , 
Beck and Lilly (1949) reported sorghums to be resistant and showed that rat-
ings of larval mortality were correlated with cyanide content of the leaves. 
Painter and Weibel (19 51) reported on second-generation infestations 
of sorghum in Kansas and described the feeding habits of larvae on grain and 
stems. Damage was evident in mid-September when the heads of borer-infested 
stalks began breaking. In some respects, the feeding and damage were similar 
to those on maize. Some tunnels were found in midribs of the leaves and in the 
leaf sheaths . Holes and tunnels in the stalk were found from near ground level 
to center of the panicle , but most were in the upper third of the plant . Breakage 
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occurred anywhere in the stalk but was most common just above the flag leaf 
and in or just below the panicle. 
Painter and Weibel (19 51) believed infestations in sorehums to differ 
from those in maize in several respects. Burrows occupied relatively more of 
stem diameter , because of the more slender stalk , and appeared shorter than 
those made by borers in maize. The tunnels often were partly filled with liquid 
from the plant . Stalks of sorghum containin[5 ECB larvae , when dissected in 
December, were more heavily lignified than were stalks of borer-infested maize . 
Painter and Weibel concluded , from larval weights taken in November , that 
ECB thrived on sorghum as well as or better than on maize. 
Examples of damage from ECB infestations in sorghum are shown in 
Figure 1. Typical cavity development and leaf-sheath injury resulting in leaf 
and peduncle breakage are shown in Figure lA. Figures lB and lC show 
typical breakage in the panicle and peduncle areas , respectively. 
EVALUATIONS OF RESISTANCE 
The expansion of sorghum production and research in the 1950s into 
areas where ECB was an important pest stimulated investigations of methods 
for evaluating resistance of sorghum genotypes for use in breeding programs. 
Dicke et al. (1963), working in Iowa , compiled three years' data comparing 
methods for evaluating resistance among sorghums of diverse parentage . Pre-
liminary tests with artificial infestations made from the late-whorl to active 
pollen-shedding stages showed that most significant infestation occurred from 
the time of head emergence through pollen shedding. 
Subsequently , egg masses near hatching, 60-80 eggs per culm, were 
pinned through the midrib under the top leaves at pollen shedding stage. The 
range in maturity among varieties and hybrids required egg applications from 
the first to third week in August-a fact that introduced experimental var-
iability because of variation in weather conditions during the subject period. 
This source of variance was accepted, because it was essential to apply egg 
masses at a comparable stage of plant development. 
Ratings of plant infestation were made in October, after surviving 
larvae were full grown . Criteria for determining degree of infestation followed 
a pattern similar to that in maize (Dicke , 1954; Guthrie et al. , 1960). External-
ly visible feeding lesions at the base of the midrib and the top four leaf sheaths 
were counted . Culms were . split, and the number of cavities and larvae in the 
peduncle and top three internodes recorded. From 20 to 30 culms were rated 
in each replicate. 
The pattern of plant infestation as well as factors involved in taking 
records led these workers (Dicke et al, 1963) to conclude that the most exped-
ient and practical method of obtaining an infestation index for evaluating 
resistance in sorghums was to split the stem from the panicle to the top node 
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Figure lA. Typical external and internal ECB injury in sorghum: cavity 
development and leaf-sheath injury resulting in leaf and peduncle 
breakage. 
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Figure lB . Typical external and internal ECB injury in sorghum: breakage in 
the panicle. 
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Figure lC. Typical external and internal ECB injury in sorghum: breakage in 
the peduncle. 
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Table 1. Correlation coefficients (r) among criteria used to evaluate the degree 
of second-generation ECB infestation (Dicke et al., 1963 ). 
r-values 
Criteria 1958 1959 1960 
Peduncle cavities vs. total culm cavities 0.96** 0.98** 0.97** 
Peduncle cavities vs . sheath lesions 0 .94** 0.67* * 0.76** 
Sheath lesions vs. total culm cavities 0 .90* * 0.59** 0. 70* * 
* * Exceeds the 1 % level of probability . 
and count the cavmes m the peduncle area . Because of the disappearance of 
many of the larvae from cavities, the number of surviving larvae provided, in 
their view; a poorer index of relative resistance . They found that sheath lesions 
may be counted readily but sometimes are difficult to identify after the leaves 
are dried and broken. The results in all three years indicated that peduncle 
cavity values were highly correlated with both sheath lesion and total culm 
cavity ratings (Table 1; from Dicke et al., 1963 ). 
Comparisons of resistance among sorghum varieties and hybrids to 
second-generation borer infestations also were made by these same authors. 
They evaluated 34, 3 8, and 46 genotypes each in successive years. In general , 
the basic kafir and feterita varieties had few sheath lesions, culm cavities, and 
surviving larvae. Kaoliang types also showed small to moderate infestations 
throughout the 3-year period. Infestations of durra, shrock, and hegari var-
ieties, however , were moderately heavy to heavy, and milo types generally 
were the most heavily infested entries in all tests . The contrasting low and high 
ratings for kafir and mi lo varieties, respectively , agree with the rankings re-
ported by Hodgson (1928). However, levels of infestation for the other sor-
ghum types , particularly for the feterita varieties, were not in complete accord 
with Hodgson 's ratings. Hybrids derived from kafir and milo varieties generally 
exhibited infestations intermediate to those for the parents (Dicke et al. , 196 3 ). 
EFFECTS OF ECB ON YIELD AND OTHER AGRONOMIC TRAITS 
Atkins et al. (196 3) studied agronomic damage to sorghum in Iowa by 
second-generation ECB . Two hybrids (Tx 61 land Tx620) that exhibited low 
levels of infestation and two varieties (Redbine-60 and DDY Sooner Milo) that 
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showed moderate to heavy infestations in previous studies (Dicke et al.. 196 3) 
were tested. Comparisons were made in two years from six replicates of a 
split-plot arrangement of infested and uninfested plants within each genotype. 
Infestations and cavity counts were made by using the procedures described by 
Dicke et al. (1963). 
Analyses of variance for grain yield and 100-seed weight indicated that 
differences among sorghum entries, and comparisions of infested vs. uninfested 
plots, exceeded the 1 % level of probability in both seasons. A summary of the 
data expressed as percentage reduction in the infested plots in presented in 
Table 2 (Atkins et al., 196 3 ). Reduction in grain yield and seed size over the 
two-year period averaged 8.0 and 5 .6%, respectively , with an attendant average 
of 0.5 borer cavities per culm. Maximum reductions, a 23.3% loss in yield and 
a 12 .1 % depression in seed size , accompanied by an infestation level of 1. 5 
cavities per culm, were obtained in DDY Sooner Milo in 1961. Seemingly, 
much of the yield depression was due to the reduction of kernel size . Guthrie 
et al. (197 5) reported similar results with maize. 
Agronomic effects of infestations by second-generation corn borers 
in sorghum also were studied by Ross et al. (1982) in Nebraska. Their compar-
isons were made by using 100 half-sib families from the random-mating popula-
tion RPlR (Ross et al., 1977). The main plots were infested vs. uninfested 
(chemical control), and families were the subplots of a split-plot field design. 
Two replicates were grown in each of two years. The controlled plots were 
sprayed four times with carbaryl about one week apart-the first spraying being 
before the booting stage and the last past flowering. Egg masses were applied in 
the " infested" plots at booting stage as described by Dicke et al. (1963). 
Results from this experiment using half-sib families were similar to 
those of Atkins et al. (1963) who evaluated lines and hybrids. Both studies 
showed that ECB can reduce grain yield decisively with much or most of the 
reduction attributable to decreased seed weight. Two-year means are presented 
in Table 3 (Ross et al., 1982). These data, consistent between seasons, show 
substantial yield losses , even when grain from lodged plants was included . 
Total yield (yield-1) was reduced 19% in 1977, 7% in 1978 , and 13% for the 
two-year average (Table 3). Combine yields (yield-2) were reduced 25% and 
12% in the respective years, or 18% for the two-year average. Exclusion of 
lodged and infested culms and heads (yield-3) gave 59% and 3 9% reductions , 
respectively , for 1977 and 197 8, for a two-year average of 49%. Ratings for 
ECB cavity damage were confounded somewhat with cavities caused by stalk 
rots. The length of combined cavities, i.e., from stalk rots and ECB, averaged 
38 cm per plant in the infested plots. Seed weight was reduced about 8% in 
each of the two years. This figure is comparable to the reduction of 6% reported 
by Atkins et al. (1963) for sorghum lines and hybrids. Averages in Table 3 
reflect the markedly greater percentage of broken stalks and heads found in the 
infested plots both years. Other agronomic traits did not differ significantly 
Table 2. Mean number of cavities per culm, percentage reduction in 100-seed weight, and grain yield for plots artifi-
cially infested with second-generation ECBs , Ames , Iowa 1960-61 (Atkins et al., 1963 ). 
Hybrid or variety 
Trait Year Tx 620 Tx 611 Redbine-60 DDY Sooner Mean 
Mean number of 1960 0.07 0.03 0.30 1.20 0.36 
cavities per culm 1961 0.32 0.22 0 .33 1.84 0.68 
Av. 0.19 0.11 0.31 1.52 0.51 
Reduction in 1960 6.9 2.3 4.9 2.9 4.2 
100-seed weight,% 1961 0 .5 7.3 7.7 12.1 6.9 
Av. 3.7 4.8 6.3 7.5 5.6 
Reduction in 1960 2.5 9.0 4.5 5.0 5.2 
grain yield, % 1961 3.7 0 .3 16.1 23.3 10.8 
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Table 3. Trait means of 100 half-sib families from the sorghum population 
RPlR infested (I) with second-generation corn borer egg masses 
and the same families controlled (C) with insecticide , standard errors 
(S.E.) of the means, and significance of the treatment mean differ-
ences at Mead, NE , 1977-78 (Ross et al. , 1982). 
2-year means, 1977-78 
Trait c S. E. Sig. 
Flowering , days 58 58 0 .1 NS 
Plant height , cm 108 111 1.0 NS 
Heads/plot, no. 25.6 26.7 0.3 NS 
Seeds/head, no. 1770 1830 51 NS 
Seed weight, g/100 2.22 2.41 0 .02 * 
Grain protein ,% 13.6 13 .3 0 .1 NS 
Broken stalks , % 8.2 0.9 0 .9 * 
Infested (broken) heads, % 36.7 0.7 2.8 * 
Total breakage, % 44.9 1.6 3.3 * 
Grain yield-1, q/ha t 42.9 49.3 1.5 * 
Grain yield-2, q/ha 39.9 48.9 1.6 * 
Grain y ield-3, q/ha 24.9 48.5 1.8 * 
* Significant at the 0.05 probability level. NS nonsignificant. 
t Grain yield-1 =total grain yield . 
Grain yield-2 = combine yield, excludes lodged stalks and fallen heads. 
Grain yield-3 = minimum yield, excludes lodged stalks and heads , and infested (broken ) 
heads that have not fallen from the plant . 
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in the controlled vs. infested plots. 
Ross et al. (1982) also calculated intercharacter correlations sep-
arately for data from infested and controlled plots to see if indirect selection 
among traits might prove effective under either condition. Stalk and head 
breakage traits and seed weight showed higher correlations with grain yield in 
the infested families than in the controlled plots . Most coefficients were be-
tween 0.50 and -0 .50, however , indicating that indirect selection for yield by 
using these traits would not be highly effective . 
GENETIC ANALYSES AND BREEDING FOR RESISTANCE TO ECB 
The genetics of resistance to ECB in sorghum is not known, but it is 
probably complex and similar to that reported in maize (Sadehdel-Moghaddam 
et al., in press; Jennings et al., 1974a, 1974b; Scott et al., 1964; Penny and 
Dicke, 1956). Procedures suited for the improvement of quantitatively inher-
ited characters seem appropriate for use in a breeding program for resistance to 
ECB in sorghum . Recurrent selection and S 1 progeny testing, without any 
genetic analyses , were used successfully by Penny et al. (196 7) to improve 
resistance to ECB in maize . They moved leaf feeding ratings (based on a scale 
1 = low, 9 = high) in five populations from an average of 5.4 to 2.5 in four 
cycles and even lower in certain populations. 
Cooperative research to improve resistance to ECB in sorghum by 
means of recurrent selection is in progress in Nebraska and Iowa, the partici-
pating individuals and agencies being W. M. Ross and D.S. Kindler, USDA-ARS, 
University of Nebraska; W. D. Guthrie , USDA-ARS, Research Farm, Ankeny, 
Iowa; and R. E. Atkins, Iowa State University . Damage ratings from second-
generation ECB 's were made in S 1 lines from a random-mating sorghum pop-
ulation, NPllBR, at Ankeny, Iowa, in 1972. Ten plants in each S1 line were 
infested with 20 egg masses per plant (possibly 500 eggs) at active pollen-
shedding stage. Cavity counts were made visually by slitting the stalks approx-
imately 60 days after egg hatch . 
Two levels of resistance were delineated , as described in Table 4 (Guthrie 
et al., unpublished data, 1972 , 1975 , 1978). Lines in the combined categories 
of resistance , representing about 14% of the base population (CO), were 
intermated randomly to produce seed for planting the C 1 in 197 5. Similarly, 
about 15% of the most resistant lines were used for recombination to produce 
seed for the C2. The descriptive boundaries for classification of resistant and 
susceptible CO plants in 1972 (Table 4) were retained for percentage infested 
plants and percentage broken heads or peduncles in the C 1 and C2 evaluations. 
In both 197 5 and 1978, however, upper limits in cavity damage in each classifi-
cation were extended because of a greater range in damage. 
The percentage of highly resistant S 1 lines in the population rose from 
4 in the CO, to 12 in the Cl , and 18 in the C2 , indicating that recurrent 
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Table 4. Reactions of S1 lines from NPllBR sorghum population to second-
generation ECB, Ankeny , Iowa , 1972 , 197 5, and 1978 (Guthrie, 
Ross , Atkins, Kindler , unpublished data) . 
1972 (CO) 1975 (Cl) 1978 (C2) 
No. of % of No of % of No. of % of 
Classification i' lines lines lines lines lines lines 
Highly resistant 13 4 .3 38 11.9 53 17. 7 
Moderately resistant 28 9.3 35 10.9 48 16.0 
Resistant (combined) 41 13.6 73 22.8 101 33.7 
Highly susceptible 13 4.3 2 0.6 5 1. 7 
Total evaluated 300 320 300 
t Highly resistant = 10% or less infested plants, < LO cm of cavities, mostly 0 broken heads 
or peduncles. 
Moderately resistant = 11 to 20% infested plants, <2 .0 cm of cavities, 10% or less broken 
heads or peduncles . 
Highly susceptible = 90 to 100% infested plants, 5 .3-11.2 cm of cavities, 30 to 80% broken 
heads or peduncles. 
Table 5. Reactions of S1 lines from RP2B sorghum population to second-
generation ECB , Ankeny , Iowa, 1976 , 1979 (Guthrie, Ross , Atkins, 
and Kindler , unpublished data). 
1976 (CO) 1979 (Cl) 
No. of % of No. of % of 
Classification t lines lines lines lines 
Highly resistant 14 7.0 22 10.5 
Moderately resistant 30 15 .0 41 19.5 
Resistant (combined) 44 22 .0 63 29.5 
Total evaluated 200 210 
·:· Highly resistant = 10% or less infested plants, <1.3 cm of cavities, 0 broken heads or 
peduncles . 
Moderately resistant = 11 to 20% infested plants , <2 .8 cm of cavities, 10% or less broken 
heads or peduncles. 
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selection with S1 testing was effective for obtaining a diversity of breeding 
materials with resistance to second brood ECB. If the two resistance categories 
were combined, the numuer of lines with at least moderate resistance increased 
from 14% in the CO to 34% in the C2 population. 
A similar program of recurrent selection to concentrate resistance to 
ECB in the sorghum population RP2B (Ross et al., 1977) was initiated at 
Ankeny, Iowa, in 1976 by Guthrie et al. (unpublished data , Table S). RP2B 
was bred in Kansas and Nebraska for resistance to biotype C of the greenbug, 
Schizaphis graminum (Rondani). In 1976 and 1979, approximately 200 S 1 
lines from RP2B were rated for resistance to second generation borers using the 
procedures of Dicke et al. (196 3 ). Lines with resistance to the two insects were 
sought in this program, but, unfortunately, there was a shift in the greenbug 
population to biotype E (T. H. Harvey , Kansas State University , and S. D. 
Kindler, USDA-ARS, University of Nebraska, unpublished data). 
Resistance ratings of the S 1 lines to ECB are summarized in Table 5 
for the CO and Cl. A combination of the two resistance classes indicates that 
22% of the CO materials from the greenbug-resistant population exhibited at 
least moderate resistance to ECB. Seven percent of the lines in the CO had 
highly resistant ratings. Percentages of lines in each resistance class increased 
in the Cl , but the increases were less pronounced than those shown for ad-
vanced cycles of the NPl lBR population as presented in Table 4. Additional 
cycles of recombination are planned to generate broad-based source popula-
tions resistant to both ECB and biotype C of the greenbug. 
A major objective of studies reported by Ross et al. (1982) was to 
obtain quantitative genetic information to aid sorghum hreeJers in develop-
ment of benotypes resistant to ECB. They obtained estimates of several statisti-
cal parameters from a 2-year experiment with 100 half-sib families from the 
random-mating sorghum population RPl R (Ross et al., 1977). Para.meters 
shown in Table 6 were calculated by using data from plots artificially infested 
with second-generation ECBs (Ross et al., 1982). Breeding for resistance 
must involve a population that exhibits expressed susceptibility and resistance. 
In the infested plots, improvement in yield and seed weight could mean , at 
least initially, a direct improvement in resistance to the insect. But this im-
provement in resistance may well be lacking in the controlled plots. The con-
trast was even more apparent when head and stalk breakage traits were in-
volved. Improvement of these traits in the controlled treatment resulted from 
selection for improved genetic standability, but improvement in the infested 
treatment was related to selection for insect resistance , with only secondary 
improvement in the inherent standability of the population. 
Seed weight exhibited the highest heritability (0.80) among the traits 
studied (Table 6). The variance in seed weight ascribable to half-sib families 
was small, and there was no year x family interaction , indicating that families 
were affected similarly each year by the ECB infestations. These results 
Table 6. Estimates of family (a;) and family x year (o}y) variance components, heritabilities (h2 ) and their standard 
errors, and gains from selection (Gs) for trai ts in 100 half-sib sorghum families infested with second-generation 
ECBs, i'viead, NE , 1977-78 (Ross et al., 1982). 
Trait A2 af 
Flowering, days 0.42 ± 
Plant height , cm 19.88 ± 
Seed/head , no. 38 ,902 ± 
Seed weight , g/100 0.02 ± 
Grain protein ,% 0.15 ± 
Broken stalks,% 27.54 ± 
Infested (broken) heads , % 29 .88 ± 
Total breakage , % 67.30 ± 
Grain yield-1, q/ha * 24.89 ± 
Grain yield-2, q/ha 3 5.26 ± 
Grain yield-3, q/ha 22.59 ± 
t Gains per cycle based on a 20% selection differential. 












Grain yield-2 = combine yield , excludes lodged stalks and fallen heads. 
Parameter 
fi2 
0.07 ± 0.04 0.69 ± 0 .15 
12.08 ± 6.99 0.66 ± 0 .16 
14,462 ± 5,709 0.63 ± 0.16 
0.00 ± 0.001 0.80 ± 0.15 
0 .10 ± 0 .02 0.57 ± 0 .16 
13.71 ± 4.93 0.56 ± 0.16 
41.85 ± 14.69 0.32 ± 0.18 
74.95 ± 20.24 0.43 ± 0.17 
6.31 ± 2.00 0.60 ± 0.16 
8.38 ± 2.37 0.64 ± 0 .16 
22 .26 ± 6.65 0.43 ± 0 .17 
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indicated that selection of families with high seed weight within a segregating 
population would result in gains for resistance to the insect. 
Among culm breakage traits , broken stalks had the highest heritability 
(0.56) and the lowest family x year variance . Family x year variances for 
broken heads and total breakage were large in relation to the family variances 
for these traits. Despite the high family x year interactions, heritabilities for 
broken heads and total breakage and the gains from selection were close to 
those for broken stalks. The authors concluded that data for all three culm 
breakage traits should be useful in index-type selection schemes. 
Family variances shown in Table 6 for yield-1 and yield-2 are consider-
ably greater than their respective family x year variances, but this was not the 
case for yield-3. Heritabilities and gains from selection also were somewhat 
better for yields 1 and 2. The authors pointed out that, in a practical breeding 
program, selection of families based on combine grain yield (yield-2) would be 
easier to implement than breeding for yield-1 or yield-3, because only standing 
material needs to be harvested. If effective infestations were assured. gains in 
yield and in ECB resistance should ensue. Ross and coworkers suggested that 
recombinations of selected families based on an index involving grain yield, 
seed weight, stalk breakage, and head breakage should result in progress in 
breeJing for resistance to ECB. 
CONCLUSIONS 
Substantial infestations of ECB have been observed in sorghum fields 
in years of large second-generation moth populations . Considerable research 
has been reported on effects of ECB damage on yield and other agronomic 
traits in sorghum, on techniques of making artificial infestations and resistance 
ratings, and on the nature of resistance. Conclusions from a review of these 
investigations are: 
1. ECB infestations in sorghums result in burrows that occupy relatively more 
of the diameter of the stalk and appear shorter than those made by borers 
in maize . Stalks of sorghum containing ECB larvae are more heavily lignified 
than are stalks of borer-infested maize . Breakage in the peduncle and 
panicle is the most frequent and characteristic type of damage in sorghums. 
2. An expedient method for evaluating the degree of infestation and rating 
genotypes for relative resistance to the borer has been developed. ECB 
egg masses are applied to the underside of the top leaves of sorghum plants 
at early to active pollen-shedding stage. After surviving larvae are full 
grown, stems are split from the panicle to the top node, and cavities in the 
peduncle and panicle are measured. 
3. Sorghum genotypes differ appreciably in their reaction to infestations of 
second-generation larvae . Kafir varieties have shown the greatest resistance 
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to cavity damage while milo varieties are highly susceptible to damage . 
Hybrids involving these parental types have shown intermediate levels of 
damage. 
4. Reductions in grain yield, seed size ; and other agronomic traits from ECB 
infestations are substantial. Average losses of 8 to 18% in grain yield have 
been reported, and individual experiments have shown losses from 23 to 
59%. Seed-size reductions average 6 to 8%, but losses as great as 12% are 
reported. Similar reductions from ECB occur in F 1 hybrids , pure-line 
varieties, and half-sib families from a random-mating population. 
5. The genetics of resistance to second-generation ECB in sorghum seems 
polygenic. Recurrent selection , utilizing S1 progeny testing, has proved 
effective in random-mating populations. The percentage of highly resistant 
lines in one population rose from 4 in CO to 18 in C2. Studies with half-sib 
families suggest that recombination of selected families based on an index 
involving grain yield, seed weight, stalk breakage, and panicle breakage 
should result in progress in breeding for resistance to ECB. 
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BASKETBALL COACHES IN IOWA 
Katherine S. Gill and Dean F. Anderson 
1 
293-299 
ABSTRACT. This study examines the educational and .teaching career characteristics of 
head coaches of men's and women's interscholastic basketball in Iowa. Data was obtained 
through a mailed questionnaire. Of the 986 head basketball coaches, 629 or 64% returned 
questionnaires. Results showed differences between male coaches of men's teams , male 
coaches of women's teams, and female coaches of women's teams with respect to the rela-
tionship between undergraduate majors and current teaching responsibilities. No differences 
between groups were found for the number of subjects taught by coaches. Not only is the 
number of females who are head coaches proportionately low, but the proportion of male 
head coaches who lack a physical education major is much greater than that of women. 
Possibly females who have majored in areas other than physical education are less apt to seek 
coaching positions than men and, perhaps, following tradition, school administrations tend 
to favor males for this responsibility. 
Index descriptors: sex stereotyping, sex roles, teaching, basketball coaches. 
Legislation in the 1970s and the early 1980s against sex discrimination 
has dramatically increased opportunities for women to participate in school 
sports programs. Along with this increase in sport participation among female 
students has come an increased demand for coaches. Holmen and Parkhouse 
(1981, p. 14) reported that since the advent of Title IX
2 
there has been a 3 7% 
increase in the number of coaching positions for women's teams at the col-
legiate level between 197 4 and 1979. The number of males coaching women's 
teams increased 182% while the number of females coaching women's teams 
increased only 3%. Although similar data for high school coaching positions 
has not been gathered, Mathes reported that 6% of the head coaches of 
women's high school teams in Iowa were females in 1977.
3 
In 1980, 12% of 
the head coaches of the most popular women's sport, basketball, were females 
(Gill, 1981, p. 27). Clearly, there seems to be a tendency to select males for 
1 
Formerly Graduate Assistant, Department of Physical Education; and Associate Professor , 
Department of Physical Education, respectively, Iowa State University, Ames, IA 50011. 
2 
Title IX of the Education Amendments of 1972 was the first comprehensive legislation 
intended to eliminate differences in educational opportunities. 
3 
Mathes, S. A. Women coaches: Endangered species. Paper presented at the meeting of the 
American Alliance for Health, Physical Education, Recreation and Dance, Houston, TX, 
April 23, 1982. 
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coaching positions involving women's teams. Solberg (1970) and Wessel (1981) 
have suggested that the increasing need to hire teachers who also coach is 
related to the decrease in the percentage of fem ale teachers in secondary 
schools. Because males are usually selected for coaching positions, an effect of 
increasing sport participation opportunities for female students seems to be a 
reduction in teaching opportunities for women. 
Because of an employment trend involving sex-stereotyping of educa-
tional roles, there is a need for further empirical data which will improve our 
understanding of the relationship between the educational roles of the teacher 
and the coach in secondary schools. The purpose of this investigation, there-
fore, is to examine the educational and teaching characteristics of high school 
basketball coaches in general and also to compare characteristics of male 
coaches of men's teams , male coaches of women's teams, and female coaches 
of women's teams. 
PROCEDURE 
A questionnaire designed to explore socialization into the role of high 
school basketball coach was sent to all head coaches of men's and women's 
interscholastic basketball listed in the 1980-81 Iowa High School Athletic 
Association Directory. Of the 986 head basketball coaches, 926 were male, and 
60 were female. All head coaches of men's teams were male, while 4 33 (88%) 
of the coaches of women's teams were male and 60 (12%) were female. The 
overall return rate of questionnaires was 64%; the return rates of the categories 
were: coaches of men's teams, 63%, male coaches of women's teams, 62%, and 
female coaches of women's teams, 85%. 
The likelihood-ratio goodness-of-fit statistic was utilized to analyze 
the associations between the dependent teaching career variables and sex of 
coach as well as type of team coached. In a test of goodness-of-fit, a set of 
observed frequencies on a single variable is compared to a corresponding set 
of expected or theoretical frequencies. The likelihood-ratio statistic utilized 
was G 2 = 2 1:(0bserved) Log (Observed). 
Expected 
This statistic is equivalent to the Pearson chi-square stat1st1c in very 
large samples, and both are approximately distributed as central chi-square 
random variables (Fienberg, 1980, p. 41). Also, the overall likelihood ratio was 
partitioned into two formulated nested models. Initially, the first model 
examined coaches of men's and women's teams and then examined coaches 
of only women's teams by sex of coach. The second model initially compared 
all male coaches with female coaches and then compared responses of male 
coaches of men's teams with responses of male coaches of women's teams. 
Each partitioning broke the likelihood-ratio goodness-of-fit statistic into two 
equal degree of freedom additive parts (Fienberg, 1980, p. 57). 
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RESULTS 
Results showed that one-third of the coaches reported majoring in only 
physical education as an undergraduate , while another third of the coaches 
reported majoring in a subject besides physical education (see Table 1 ). The 
remaining coaches reported majoring in physical education jointly with at least 
one other subject area. Thus, 65% of the coaches reported having an under-
graduate major in physical education. The overall likelihood-ratio goodness-of-
fit statistic showed a significant difference for coaches' undergraduate major 
by category of coach g1 = 19.21, g = .0001. Although the differences between 
coaches of men's teams and women's teams were not significant , differences 
between male and female coaches of women's teams were significant. Data 
showed that the proportion of male coaches of women's teams reporting no 
physical education major was 43%, more than twice the proportion of female 
coaches. Differences between all male and female coaches were significant and 
displayed the same pattern. Also , differences between coaches of men's teams 
and male coaches of women's teams were significant. Consequently, it appears 
that female coaches were more likely to have extensive preparation in physical 
education than male coaches. In addition, coaches of men's teams were more 
likely to have extensive preparation in physical education than male coaches 
of women's teams. Possibly, this may be a reflection of the importance placed 
by school administrators on men's teams success as compared to women's 
teams success. 
Analysis of the subjects. taught by coaches with a physical education 
major showed that almost half of the coaches (49%) teach no physical educa-
tion (see Table 2). Although the overall test of association was not significant, 
g2 = 8.85 , g = .07, partitioning by category of coach showed two significant 
associations, differences between male and female coaches as well as differ-
ences between male coaches of women's teams and female coaches . The pro-
portion of females with physical education majors teaching only physical 
educatio n was about twice that of comparable male coaches. An even greater 
difference was found between female coaches and male coaches of women 's 
teams . Only 20% of the male coaches of women's teams with a physical educa-
tion major reported teaching only physical education, while 42% of the female 
coaches with a physical education major reported teaching only physical educa-
tion. Further, about 5 0% of the coaches of men's teams and male coaches of 
women's teams who have a major in physical education teach no physical 
education. Wessel's (1981) data suggest that many of these male physical 
education majors may presently be teaching mathematics, English, and social 
studies (p. 247). At present, this evidently happens less frequently among 
female basketball coaches with a physical education major. 
Among all the basketball coaches, the data showed that 40% of the 
coaches teach subjects restricted to the area of their undergraduate major, 
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Table 1. Differences in undergraduate major. 
Type of Coach 
Ty~e of Coaches of Male coaches of Female 
major men's teams women's teams coaches 
Physical 
education only 38.8% 33.1% 56.9% 
Physical education 
and others 29.8% 23.8% 25.5% 
Others 31.4% 43.1% 17,.6% 
Totals 100.0% 100.0% 100.0% 
(n = 309) (n = 269) (n = 51) 
Overall , G
2 
= 19.21 ; p = .001. 
Men's teams vs women's teams, G
2 = 4 .70; p = .10. 
Male coaches of women's teams vs female coaches, G
2 = 14.51; p = .001. 
Males vs females , G
2 = 10.61; p = .005 . 
2 






(n = 629) 
Table 2. Differences in teaching responsibilities of physical education majors . 
Type of Coach 
Teaching Coaches of Male coaches of Female 
responsibilities men's teams women's teams coaches 
Physical 
education only 26.2% 20.4% 41.5% 
Physical education 
and others 23 .8% 27.6% 26 .8% 
No physical 
education 50.0% 52.0% 31.7% 
Totals 100.0% 100.0% 100.0% 
(n = 210) (n = 152) (n = 41) 
Overall , G 
2 = 8.85; p = .07. 
Men's teams vs women's teams, G
2 
= .70; p >. 50. 
Male coaches of women's teams vs female coaches, G
2 = 8.15 ; p = .02. 
Males vs females , G
2 
= 7.01; p = .03 
Coaches of men's teams vs male coaches of women's teams , G
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Table 3. Differences in relationship of undergraduate major to present teach-
ing areas. 
Type of Coach 
Type of subject Coaches of Male coaches of Female 
taught men's teams women's teams coaches 
Same 37.5% 39.3% 58.0% 
Some the same 36.5% 36.0% 28.0% 
Different 26.0% 24.7% 14.0% 
Totals 100.0% 100.0% 100.0% 




Men's teams vs women's teams, G 
2 
= 1 .6 3 ; p = .44. 
Male coaches of women's teams vs female coaches , G 
2 
= 6 .3 8; p = .04 . 
Males vs females, G
2 = 7.76;p = .02. 
Coaches of men's teams vs male coaches of women's teams, G
2 







while 25% of the coaches teach only in areas other than that of their under-
graduate major (see Table 3). The remaining 3 5% of the respondents teach 
both in areas identified with their major and in differing areas. While the over-
all association was not significant, g1 = 8.01, g = .09, partitioned components 
comparing male coaches with female coaches and male coaches of women's 
teams with female coaches displayed significant differences. Only 38% of the 
male coaches reported teaching only subjects the same as their undergraduate 
major, while 5 8% of the female coaches reported teaching only subjects the 
same as their undergraduate major. A similar pattern of differences was found 
between male coaches of women's teams and female coaches. 
The data showed that most of the coaches (63%) presently teach only 
one subject, while 13% reported teaching three or more subjects. The goodness-
of-fit statistic showed that no significant differences exist for number of sub-
jects presently taught by coaching category, g1 = 5.86, p. = .21. Likewise, 
none of the partitioned components displayed statistical significance. This 
would suggest that differences in subjects taught (e.g., Physical Education vs 
Biology and English) are not a function of the number of subjects taught. 
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DISCUSSION 
Educational and teaching characteristics seemingly are different for 
the three categories of interscholastic basketball coaches studied. Female 
coaches currently are most likely to have an undergraduate major in physical 
education (82% as compared to 69% of the coaches of men's teams and 57% 
of the male coaches of women's teams), and a higher proportion of them 
presently teach physical education (69% as compared to about 50% of the 
coaches of men's teams and 50% of the male coaches of women's teams) . 
One possible explanation of these results could be that women who do 
not major in physical education and/or do not teach physical education are not 
interested in the coaching role, specifically that of the head basketball coach. 
Perhaps behaviors seen as appropriate to basketball coaches role may be 
unacceptable to the female who has not majored in physical education. Given 
the common picture of the coach as a person who is assertive, aggressive, and 
competitive, it is highly plausible that role conflict may exist between the 
traditional role of woman and role of coach. Thus if the role of coach is per-
ceived as threatening to one's feminity, the individual would be less likely to 
seek such a position. Even if this is not so, the time demands associated with 
other traditionally female roles such as wife, mother , and homemaker may 
keep individuals from actively seeking the coaching positions. Another social-
ization factor may be that until recently, females in Iowa going into teaching 
as a career simply have not had opportunities to participate in basketball at 
the college level. Therefore, because of a lack of college playing experience, 
they may be less willing to actively seek head coaching positions involving this 
activity. Regardless of the rationale, however, the outcome is the same. Female 
teachers seemingly do not actively seek head basketball coaching positions. 
An alternative explanation may be that the individuals who have a 
voice in the selection of head basketball coaches may feel that females without a 
strong physical education background do not possess the necessary knowledge 
and skills to successfully perform the head coach role. As the results in Table 1 
clearly showed, male teachers, especially male teachers without physical educa-
tion majors, are frequently selected to be head coaches of women's basketball 
teams. Possibly these men are frequently hired in preference to women, because 
they have other relevant education and/or sport experiences. If female teachers 
of subject areas other than physical education are not perceived as being able 
to effectively perform in the role of high school head coach and/or are just not 
interested in serving as head coaches, then coaches of women's teams have to 
be selected from the male teacher population. 
One of the clear results of Title IX is an increase in the number of 
athletic participants and, thus, an increase in the number of coaches needed . 
As indicated earlier, the data presented by Solberg (1970) and Wessel (1981) 
indicate that the percentage of high school teachers who are female has been 
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decreasing . Granted alternative explanations-social, economic, political-for 
the decrease in proportion of females in high school teaching, we suspect the 
increase in athletic participation opportunities for females also enters into the 
model. Such opportunities include the sponsorship of new activities such as 
volleyball, swimming, and gymnastics as well as expansion in the number of 
school teams in traditional activities such as basketball and softball. 
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ABSTRACT. The purpose of this study was to determine the student achievement and 
student perception of the telenet/lecture method of instruction as compared with tradi t ion-
al classroom lecture approach. While other studies indicate that the telenet delivery is equal-
ly effective to the traditional methods of instruction, this study reveals that the student 
achievement scores may be lower. 
Students were critical of certain aspects of the telecture procedure as to its imper-
sonal nature , difficulty of interaction , and of certain technological limitations . Possibl y 
when both students and teachers gain experience with the telenet delivery and as technology 
is improved , the method will be regarded as satisfactory as the familiar classroom experience. 
Index descriptors : telephone-based instruction ; educational telephone network ; 
telephone network system; telecommunication system ; and telelecture/lecture method . 
INTRODUCTION 
Major problems encountered with the delivery of off-campus courses 
include the traveling time spent by the instructors, the cost of travel, and the 
limited locations in which students can avail themselves of the programs 
offered. Often an instructor spends as much or more time on the road as in 
the classroom. Also , students not residing reasonably close to the teaching 
center commonly find it impractical to enroll in hieher education courses . To 
help alleviate these problems, teaching by telephone (telelecture instruction) 
has been initiated in education during the past twenty years. States including 
Wisconsin , Minnesota, Kansas, Illinois , Missouri, Oregon , Nevada, Wyoming, 
and Indiana and countries including Canada and England have built educational 
telephone network systems to reach students in more distant areas (Parker , 
1977 ; Potter and St . John , 1977). 
The University of Wisconsin-Extension Educational Telephone Network 
(ETN) is perhaps the most sophisticated telephone-based educational delivery 
system in the United States . The network was initiated in 1965 and began with 
18 listening sites employing somewhat unstable transmission systems. Today, 
in addition to high quality sound , images can also be transmitted with the 
telephone lecture. A variety of classes including calculus, music, and 
1 
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photography have been successfully taught by telelecture. Each year over 100 
University of Wisconsin extension courses are offered to more than 30,000 
students in Wisconsin by this method . 
TECHNOLOGICAL DEVELOPMENTS 
Increasing demands and applications for telelectures have encouraged 
the development of high quality and economical communication devices. 
Recently , Bell Telephone Laboratories developed a system (electronic black-
board) that can transmit blackboard writing over ordinary telephone lines for 
display on a television screen at distant locations. The instructor simply writes 
with normal chalk on a standard 4' x 8' blackboard which is electronically 
sensitized and permits remote receivers to display the images via the standard 
video monitor. This device not only improves the quality of the image trans-
mitted through the electrowriter but also reduces the cost of audio and visual 
aids which are essential to distance learning. The University of Illinois has used 
the electronic blackboard to successfully conduct engineering classes (Parker, 
1976). 
Furthermore , the microprocessor and printer can be coupled to the 
telephone network system to add features such as reducing the system's delay , 
increasing the confidentiality of a conference , providing a hardcopy message 
and securing automatic data collection. The Indiana Higher Education Tele-
communication System (IHETS) has successfully applied such additional 
capabilities (Potter and St. John, 1977). 
The above technological developments and their actual applications 
srrengthen earlier reports that telephone teaching is as effective or better than 
the conventional teaching methods (Beattie , 1963 ; Nunley, 1965; Edelman , 
1968; Blackwood and Trent, 1968; Boswell , Mocker , and Hamlin, 1968; 
Puzzuoli, 1970; Wecke , 1970 ; Spears, 1971 ; Hoyt and Frye. 1972 ; Hartje , 
1973; Magel, 1977 ; Hugdahl, 1980; and Steman, 1981). However, the results 
of initial use of the telenet delivery have not been studied or evaluated. 
Teaching via the telphone perhaps has its own limitation. We have 
found that a teacher using the telenet for the first time will encounter new 
experiences where he/she may be less effective in presenting information, 
obtaining effective discussion , or providing useful feedback. Hugdahl (1980) 
concluded that "in no way is distance learning (taught by a network system) 
intended to replace or supplant face-to-face learning. But distance learning 
can bring resources and personnel to the educational process which could 
perhaps never be available for face-to-face situations. Distance learning should 
be viewed as a means to enrich and enhance the face-to-face learning situation." 
The comparative constraints and usefulness of the telenet versus con-
ventional classroom delivery system obviously deserves study. 
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CASE STUDY EXPERIENCE 
The case study reported in this paper includes two stages of comparison 
of classroom achievement results employing- the combined telelecture method 
and traditional lecture instruction in an evaluation course in vocational educa-
tion . Evaluation in Industrial Vocational Technical Education , IVTE 522, is a 
required certification course which is offered through extension for industrial 
vocational technical teachers by Iowa State University. Since 1966, this course 
has been taught at one or more community colleges in Iowa. The instructor 
travels to classes each week. During stage I, telelecture was used in combination 
with the traditional classroom lectures at Western Iowa Technical Institute in 
Sioux City, Iowa, in the Fall, 1980. We compared achievement results of the 
traditional lecture only with this combination. 
As a result of the student reactions from stage I, increased use of 
visual-aid materials and group discussion were included in the telelecture 
delivery instruction during stage II at Des Moines Area Community College, 
Ankeny, Iowa, during Spring, 1982. Thus we were able to compare three teach-
ing methods as follows: (a) traditional classroom lecture , ten sessions, three 
classes with a total of twenty-seven students, (b) a combination of conventional 
lecture , seven lectures and three telelectures (three telelectures providing pre-
dominantly information and concept-building sessions), and (c) the combin-
ation as above but including improvements in the increased use of visual aids 
and group discussion . Five classes included in the study may be summarized 
as follows: 
Table 1. Samples in the Study 
Class Instructional Method Students 
Winter , 1979 Lecture (a) 12 
Spring, 1980 Lecture 7 27 
Winter , 1980 Lecture 8 
Fall, 1980 Combined Telecture (b) 22 
Spring, 1982 Improved Combined Telecture (c) 13 
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RATIONALE FOR SELECTED APPROACH 
A descriptive discussion approach rather than a statistical test treatment 
was employed in the analysis of results for obvious reasons: the limited sample 
size , the facts that students were not randomly assigned to treatments , and 
that the teaching methods were employed at different points in time. 
COMPARISON AND RESULTS 
Part I 
The following analysis was based on pre- and post-test scores. All five 
classes were taught by one instructor in different locations but with similar 
materials and the same time period devoted to instruction. The instrument 
used in this study was an objective-item test that was administered in reordered 
sequence for pre- and post-testing and had an estimated Kuder-Richardson 
Formula 20 reliability of 0 .84 (Thorndike, 1982 .) 
Students in combined telelecture and improved combined telelecture 
classes were asked to list advantages and disadvantages about the telelecture 
delivery system. In addition, students in the improved combined telelecture 
class were also asked to answer an evaluation questionnaire about the delivery 
situation. 
Table 2. Class Average Pre- and Post-Test Scores 
Term Class Pre-test Post-test 
W'79 Lecture 58.8 3 87.3 3 
S'80 Lecture 64 .57 64.41 73.57 84.58 
W' 80 Lecture 72.63 91.00 
F'80 Combined Telelecture 65.32 78.77 

















Improved combined telelecture 
Figure 1. Score Comparison of Three Instructional Methods. 
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Pretests were administered to every class prior to instruction to assess 
their knowledge of the subject. The same test , except that the sequence of 
questions was altered , was given at the end of the course. 
Table 2 shows the class average scores of the pre- and post-tests. Al-
though there were variations among the traditional lecture classes, the three 
traditional lecture classes were considered as a group in comparing the results 
of three different teaching methods. In Figure 1 it can be observed that the 
increment of scores from the pre- to the post-test reveals the effectiveness in all 
three instructional methods. Both groups exposed to the combined telelecture 
methods had a little higher pre-score than the traditional lecture group but a 
slightly lower post-test score. The learning achievement in the traditional 
lecture group appears to be slightly higher than either of the combined tele-
lecture methods, but the differences considering sample size are probably not 
significant. Even assuming moderate superiority of the traditional lecture , the 
cost factor involved in delivery becomes a value and budget judgment. 
The two combined telelecture methods produced almost parallel scores · 
(Figure 1), those of the improved telelecture group, however, being slightly 
higher. Considering the difficulty level of learning improvement, the figure 
suggests that the improved telelecture method probably was more appropriate 
to the higher ability students than the unimproved telelecture method. 
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It is possible that student reaction may be a moderating consideration 
ultimately affecting achievement. The opinions survey of the combined tele-
lecture group (stage I) showed that most of the students preferred not to use 
telelecture teaching for the reasons that the delivery was "non-visual" and 
"impersonal." The three most unfavorable reactions listed by students were: 
too few visual aids, no eye contact, and fewer personal interactions. There were 
29 unfavorable reactions in contrast to 16 favorable reactions from 13 of the 
22 (59 percent) students in the combined telelecture (b) class. Others did not 
express their opinions . Common favorable reactions were: save instructor's 
traveling time, reduce transportation costs , class still can be held even in bad 
weather, and easier to control time . (Appendix A for listing of favorable and 
unfavorable opinions). 
Part II 
Student reaction was again sought for the improved and combined 
telelecture group (c) (Table 1) when the instructor added more visual-aid 
materials and extended group discussion activities in order to reduce the 
"non-visual" and " impersonal" deficiencies. Students were requested to list 
their reactions to the telelecture delivery system to suggest improvements and 
to complete an evaluation questionnaire (Appendix B). 
Of the 13 students who responded to the evaluation questionnaire , 
12 of them were experiencing telenet delivery for the first time. Students were 
unanimous in the view that they would employ the telenet delivery only under 
unusual circumstances in their own classrooms . They felt the method of 
instruction lacks personal contact and direct interaction between the students 
and the instructor. Twelve students said they lost interest almost immediately 
when they faced the "talking box," and nine did not feel free to interact with 
the instructor via the telephone . Evidently , also , the classroom equipment was 
not satisfactorily audible unless students were close to the microphones . Some 
students did note agreement with the assumption that the telenet delivery pro-
vides economy of faculty time and expense for the university. They agreed that 
telenet delivery would be helpful for the students living in sites distant from 
the attendance center. 
In comparison of the "unimproved" and "improved" trials , 12 out of 
13 students now felt that there was adequate use of visuals, and 7 out of 13 
also agreed that there was adequate opportunity for discussions. Obviously , 
students did react favorably to the improvements in the second delivery at-
tempt. Otherwise the students ' acceptability of the telenet teaching method 
remained doubtful. 
CONCLUSIONS AND SUGGESTIONS 
We have compared learning results of the traditional lecture teaching 
with combined telelecture instruction. We also compared student reactions to 
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the "unimproved" and "improved" combined telelecture delivery. We grant the 
sample size is small, but we believe that consistency of reaction suggested 
reasonable validity. 
Most of the participants in combined telelecture groups (classes Fall, 
1980 and Spring, 1982) did not consider the telenet delivery instruction as a 
"worthwhile teaching method" for their own classroom use. The reasons for 
rejecting the telenet delivery were not quite the same for both groups (see 
detailed list in Appendix A). Too few visual-aids , no eye contact, fewer per-
sonal interactions, impersonal , and easy to lose interest were most commonly 
mentioned. During the second trial in which new equipment was used, limited 
personal interaction, poor equipment communications, transmission noise, and 
no eye contact were listed. With further improvement, new devices, like an 
electronic blackboard, microprocessor and printer, and audio-visual equipment , 
might be coupled with the original telenet system to provide a better environ-
ment for telenet learning. 
Universities have to consider the expense of the traditional teaching 
method versus innovative delivery . Researchers in the Wisconsin study (Parker, 
1977) calculated the cost of the telelecture system delivery of a three-credit 
course to 20 students at $3 .46 per student contact hour (SCH) for face-to-face 
lecture as contrasted with $2.16 SCH for the telelecture . Were the telelecture 
delivery expanded to two three-credit-hour courses for 40 students, the cost 
per student contact hour would be reduced to $1.51 SCH, i.e., the greater the 
volume, the lower the cost per student. As previously noted , accessibility to 
greater number of students is a further consideration for adopting the tele-
lecture delivery method of instruction. 
Although our sample is small, we believe these reasonable student 
views not previously reported should be considered by those using the tele-
lecture procedure . It perhaps behooves some of those having access to larger 
classes to repeat this kind of an evaluation as a means of checking the validity 
of our tentative conclusions. 
APPENDIX A 
OPINIONS OF TELELECTURE TEACHING 
Favorable : 
Save instructor's traveling time and 
transportation fee 
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Favorable : (cont.) F 1980 s 1982 
Easier to control time 3 0 
Class atmosphere is more relaxed 1 0 
Communication set-up better 0 
(not knowing who is speaking) 
Group rapport developed 0 
Focus on message rather than students 0 
Instructor better prepared 0 
Students allowed more participation 0 4 
Deliver to more students 0 2 
Less expense for students 0 
Total 16 10 
Unfavorable : F 1980 s 1982 
Fewer visual aids 7 0 
No eye contact , only sound 3 4 
Fewer personal interactions 3 7 
Lost interest 3 3 
Impersonal 3 3 
Hard to keep attention 2 3 
Transmission noise 2 4 
Poor communication 2 7 
(only one-way clear and loud enough) 
Discussion limited 0 
Confusion in materials covered 
Difficult to grade 1 0 
Others 1 3 
Total 29 35 
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APPENDIX B 
EVALUATION OF TELENET DELIVERY METHOD 
Instructions : Please (X) in the most appropriate response. 
1. Was the telenet delivery new to you? 
2. How many previous courses did you take where 
telenet delivery was used? 
3. Was there adequate use of visuals? 
Yes __ No __ 
2 3 4 0 
Yes __ No __ 
4. Did you lose interest readily in material presented? Yes__ No __ 
Reason/Comment: 
5. Was there adequate provision for discussion? 
Reason/Comment: 
6 . Was the transmission of voice clear? 
Reason/Comment: 
7. Did you encounter difficulty in following the 
material covered by the instructor? 
Reason/Comment: 
8. Did you feel free to interact with the instructor? 
Reason/Comment: 
9. Do you pref er to have the instructor present for 
all sessions? 
Reason/Comment: 
10. Would you intend to employ the telenet in your 
own class in the future? 
Reason/Comment: 
Yes __ No __ 
Yes __ No __ 
Yes __ No __ 
Yes __ No __ 
Yes __ No __ 
Yes __ No __ 
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ABSTRACT. Predictors of general and specific evaluations of education were examined 
using data from a sample of 760 Iowas. In general , evaluations of education were positive. 
Attitudes and values influenced evaluations of specific programs (academic and extracur-
ricular) which in turn contributed to general evaluations of education. Personal character-
istics (education, age , income) were not important predictors of general or specific eval-
uations . Identification of factors useful in gauging public opinion may be of value to both 
school personnel and researchers . 
Index descriptors : Education, public assessment, attitudes toward education, 
public attitudes, assessment of education , and correlates of public attitudes. 
Identification of factors that are useful in gauging public opinion about 
education may be of value both to researchers and to personnel in school 
districts interested in maintaining a positive image in the community . This 
research compares predictors of general evaluations of public schools and 
evaluations of two specific areas of education , academic and extracurricular 
programs, by the general public. 
RELATED LITERATURE 
Researchers have examined attitudes toward education ranging from 
general evaluations of the schools by the public (Elam, 197 8) to attitudes 
toward community involvement in education (Smith , 1978). But, evaluations 
of education can be viewed as a specific instance of assessment of community 
services. Therefore , research on evaluation of community services is instruct ive 
in studying public attitudes toward education (Goudy, 1977 ; Keith , 1978; 
Molnar et al. , 1979; Warner and Burdge, 1979). 
Two types of characteristics- objective and subjective- have been used 
to predict evaluations of community services (Ladewig and McCann , 1980). 
Object ive characteristics include , among others, age , sex , and income, while 
subjective factors refer to perceptions, attitudes , and values. For the most 
part , researchers have been more concerned with assessing objective character-
istics than subjective experiences (Ladewig and McCann , 1980). Previous re-
search , however , has suggested that objective demographic characteristics may 
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be inadequate to explain attitudes toward conditions in the social environment 
(Marans and Rodgers , 1975; Rojek et al., 1975). Marans and Rodgers (1975) 
observed that attitudes and values may intervene between objective personal 
characteristics and subsequent evaluations of the perceived social environment. 
Using their model as a guide, we assessed the relative direct and indirect influ-
ence of objective and subjective characteristics in determining evaluations of 
education. 
RESEARCH PLAN AND HYPOTHESES 
Following the rationale of Ladewig and McCann (1980), we used 
personal characteristics (education and income) as objective measures of 
individuals' social and economic ability to control outcomes that affect per-
sonal circumstances. In this connection, Ladewig and McCann (1980) hypoth-
esized that since education and income are positive indicators of social and 
economic capability to influence situations, as education and income increase , 
satisfaction with services will also increase. To the degree that education and 
income influence evaluations of education, we anticipated that higher levels 
of education and income would be associated with more positive assessments. 
In addition to education and level of income, age of respondent and children 
in school were personal characteristics examined in relation to evaluations of 
education. 
Obviously assessments of community attributes including educational 
programs are derived from numerous sources of information. Furthermore, 
sources of information likely vary somewhat in their content and the form in 
which they convey data about schools. Sources of information, in turn, may be 
linked with subjective perceptions of education. Thus , in our work, sources 
of information about schools along with personal characteristics formed two 
sets of objective characteristics that were examined in relation to evaluations 
of education. 
Following earlier research (Ladewig and McCann, 1980; Marans and 
Rodgers, 197 5) indicating the importance of attitudes and values, measures of 
individual attitudes and values were investigated in relation to evaluations of 
education. The attitude and value measures included conservatism, perceived 
goals for education, a comparison of the quality of their own education with 
that offered today, and identification of problem areas characterizing their 
local schools. 
Based on the literature then , we expected that subjective characteristics 
would have a greater direct effect on evaluations of education than would 
objective characteristics. Finally, in research on evaluation of community ser-
vices, assessments of specific services or facilities have been found to be good 
predictors of general evaluations (Molnar et al. , 1979). In this research we 
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anticipated that evaluations of specific educational programs would affect the 
general assessments of education. 
METHODOLOGY 
Sample 
Data were analyzed from 760 Iowa respondents who were interviewed 
by telephone (335) or who completed a mail questionnaire (425) during the 
spring and summer of 1980. 
The population sample was restricted to persons over 18 years of age 
who had a telephone at place of residence. The general sampling procedure was 
random digit dialing (Dillman , 1978). After obtaining a working residential 
number , the study was explained , and a random procedure was used to deter-
mine who in the household would be interviewed. When the person answering 
the telephone was the one to be interviewed, a telephone interview was com-
pleted. If the person selected to be interviewed was not available at the time, a 
questionnaire was mailed to the respondent . Of the 1163 initial contacts, 3 22 
telephone interviews were completed, and 607 questionnaires were mailed. 
During the telephoning, 234 refusals were received with reasons ranging from 
health and lack of knowledge about schools and education to unwillingness to 
participate. Those who ·did not return the questionnaires were reminded by 
post card and/or telephone. Following this procedure, an additional 13 were 
interviewed by telephone leaving 594 to respond by mail. Of these 594 persons, 
425 returned completed questionnaires. An additional 17 persons returned in-
complete questionnaires which could not be used in this study. The 760 
completed telephone and mail questionnaires used in the data analysis repre-
sent 6 5. 3 5 percent of the total contacts. The Survey Section of the Statistical 
Laboratory at Iowa State University selected the sample and supervised tele-
phone interviewing and mailing of the questionnaires. Coding of the question-
naires was completed by this same group and by graduate students in the 
Research Institute for Studies in Education. 
Characteristics of Respondents 
Respondents ranged in age from 18 to 9 3 years. About half were under 
40 years of age while 12 percent were 65 or over. Slightly over half of the 
sample were female (54 percent), and the majority were married (69 percent) . 
Thirty-eight percent had children who attended either an elementary or second-
ary school during the year prior to the time of the study. 
Only 13 percent of those responding had not finished high school. 
Fifty-three percent had a high school diploma but had not attended college. 
Approximately 18 percent had completed four years or more of college, while 
about 16 percent had a trade, business, technical, or an associate college degree. 
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About 35 percent had an annual income of $10,000 to $19,999 with 
slightly over one-fifth earning less than $10,000 , and about 15 percent having 
an income of $30,000 or more . 
MEASURES 
General Evaluation of Education 
To obtain a general assessment of education , we asked respondents to 
evaluate public schools in their district at three levels : public schools in general, 
public elementary schools, and public secondary schools. Respondents graded 
schools from A (5) to F (1) with A being the most positive and F the least 
positive. Responses from the three questions were summed with a high score 
indicating a more positive rating of the public schools . 
Specific Evaluations 
Evaluations of specific school programs were obtained in two areas: 
ratings of factors related to academic programs and ratings of extracurricular 
programs. Respondents again assigned grades A through F to ten specific pro-
grams and personnel in their local public schools. The seven items which 
formed the composite academic program scores included "teaching the basic 
skills ," "preparing students for jobs after high school ," "preparing students for 
additional vocation-technical training beyond high school," "preparing students 
for college ," " quality of the total learning experience ," "quality of elementary 
school teachers ," and "quality of secondary school teachers." The three items 
which composed the evaluation of the extracurricular programs were "compet-
itive athletic program for boys," "competitive athletic program for girls ," 
and "extracurricular activities such as music, drama, . .. speech and debate." 
Items for evaluation of academic and extracurricular programs were summed to 
obtain separate scores for each ; high scores indicated more positive ratings. 
Objective Characteristics 
Four objective personal characteristics were used in the analysis: age, 
education , income, and presence of children in school ("yes"/"no"). Age, 
education, and income were coded so that higher values indicated greater 
amounts. 
Respondents were also asked to indicate ("yes"/"no") whether they 
used several sources of information to learn about programs and activities of 
the public schools, and if so to identify these. Tabulation of sources followed 
by inspection of intercorrelations and results of a factor analysis revealed that 
ten sources of information fell into four groups: (1) school sources as school 
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newsletters , parent-teacher organizations, parent-teacher conferences, and 
accounts from own childre.r: , (2) school sources as contacts with school person-
nel (talking with teachers, school administrators, and/or school board meetings); 
( 3) non-school and non-print media (radio and television); and ( 4) news-
2 papers. 
Subjective Characteristics 
To assess the degree to which interest and involvement in the public 
schools were perceived as problems in their schools, respondents rated four 
items on a scale of 0 to 10 indicating the seriousness of the problem. The 
items were: "lack of public interest," "lack of student interest in learning," 
"lack of involvement and participation by parents," and "lack of communica-
tion between the school and the community." Scores were summed across the 
four questions with higher scores representing more serious problems. 
A further problem area-adequacy of reports to parents-was also 
included. On a five point scale, respondents indicated whether they "strongly 
agreed" (1) or "strongly disagreed" (5) with the statement that "Reports from 
Iowa schools to parents are adequate." 
Attitudes and values were measured in three areas. Respondents de-
scribed themselves as "very conservative" (1) to "very liberal" (5). In two 
questions , individuals compared their education with that offered today. Using 
five response categories [strongly agree (1) to strongly disagree ( 5)] , they 
responded to "Students today receive a better elementary education than I 
did ," and "Students today receive a better secondary education than I did." 
Responses to five items indicating the degree of importance assigned 
to educational goals for daily living were summed and used as an index of 
individual values. The five goals were : "teaching the skills of family living," 
"developing skills to enter a specific field of work," "teaching students how to 
use their leisure time," "teaching the principles of health and safety," "teach-
ing students how to be good managers of money , property, and resources." 
Respondents indicated the importance that these five goals should have in their 
local schools . Goals were ranked on a scale of 0 to 10 with zero meaning "not 
at all important" and ten "very important." 
Analysis 
To assess predictors of general and specific evaluations of education , 
four separate analyses were completed using multiple regression techniques. 
In the first analysis, five groups of variables were used to explain general 
2 
Detailed data on correlation coefficients, reliability coefficients, and factor analyses are 
available from the authors. 
...... 
00 
Table 1. Prediction of evaluations of education. 
GENERAL EDUCATION SPECIFIC EVALUATIONS 
PREDICTOR VARIABLES EVALUATION ACADEMIC EXTRACURRICULAR 
r Betaa % Var. r Beta % Var. r Beta % Var. 
Exp. Exp. Exp. 
SPECIFIC EVALUATIONS 
Academic program .63 .58 40.0 
Extracurricular program .3 5 .12 1.0 .39 
PROBLEM AREAS 
Interest and involvement 
in school -.34 -. 27 12.0 .38 -.29 15.0 -.26 -. 24 7.0 
Adequacy of reports 
to parents -. 29 -. 19 3.0 -. 3 7 -. 27 6 .0 -. 15 -. 07 .4 
ATTITUDES 
Conservatism -. 05 -. 05 .3 -.10 -.09 1.0 -. 08 -.07 1.0 
Educational goals 
for daily living .09 .08 1.0 .18 .16 3.0 .20 .20 4.0 
Comparative educational ~ 
quality -.24 -.23 6.0 -.34 -.33 11.0 -. 07 -.06 .4 tTl :::j 
::r: 




Table 1. (Continued) > I:""' 
c: 
GENERAL EDUCATION SPECIFIC EVALUATIONS > --1 
PREDICTOR VARIABLES EVALUATION ACADEMIC EXTRACURRICULAR 0 
Beta a % Var. Beta % Var. Beta % Var. z r r r [./) 
Exp. Exp. Exp. 0 
'Tj 
tr! 
INFORMATION SOURCES 0 





School personnel .12 .09 1.0 .14 .07 1.0 -.02 -.02 .0 0 z 
Television/radio .16 .14 3.0 .09 .06 1.0 .13 .07 2.0 
Newspaper .13 .07 1.0 .18 .15 2.0 .22 .20 4.0 
PERSONAL CHARACTERISTICS 
Educational level -.04 .03 .2 -.10 -.10 1.0 
Age .10 .11 1.0 .03 -.04 .1 .09 .06 1.0 
Income .08 .09 1.0 -.01 -.03 .02 
Children in school -. 01 .07 -. 08 .6 -. 05 -.04 .1 
Variance extained by 
all variab es 45 .0 32 .0 15 .0 
a 
Standardized partial regression coefficients. 
..... 
'O 
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evaluations of the schools; these included two sets of objective characteristics 
(personal characteristics and sources of information) and three groups of 
subjective characteristics: individual attitudes and values; perceived problems; 
and specific evaluations of academic and extracurricular programs. 
In the second and third analyses , objective and subjective character-
istics were examined as predictors of assessments of academic and extracur-
ricular programs. Finally, reduced models for general and specific evaluations 
of education were identified. 
RESULTS 
Correlations 
Correlation coefficients indicated that the general measure of educa-
tional evaluation was most strongly correlated with evaluations of specific 
educational programs (Table 1). The positive relationships can be interpreted to 
mean that positive evaluations of specific programs were reflected in more 
general evaluations of public schools. Personal characteristics had low cor-
relations with evaluations of educational programs, while sources of inform-
ation , perceived problems, and attitudes tended to have slightly stronger 
relationships with both general and specific evaluations. (An expanded table 
of intercorrelations is available from the authors .) 
General Evaluation of Education 
The first set of analyses examined groups of variables as predictors of 
general evaluations of education. In a regression framework , the five groups of 
variables explained 45 percent of the variance in general evaluations of educa-
tion (Table 1). Evaluations of specific attributes of programs explained 41 
percent of the variance in the general assessments of public education (Table 2). 
Assessments of specific attributes included evaluation of academic programs 
(e.g. teaching of basic skills) and appraisals of extracurricular programs (e. g. 
athletics and clubs) . Perceived problems and attitudes explained 15 and 7 per-
cent of the variance respectively. Of the attitude measures, general conserv-
atism and goals for education explained the least variance, while the belief 
that students receive a comparatively better elementary and secondary educa-
tion than did respondents accounted for over 5 percent. 
Sources of information as a group explained 5 percent of the variance 
in general evaluations of education. Non-school media (radio and television) 
were most important, followed by school sources (newsletters, parent-teacher 
organizations, teacher conferences , and children). Persons who used these 
sources of information tended to have more positive views of public education. 
Table 2. Explained variance in evaluations of education. tTl 
< 
PREDICTOR VARIABLES GENERAL EDUCATIONAL SPECIFIC EVALUATIONS > l' 
EVALUATION ACADEMIC EXTRACURRICULAR c > 
% Variance % Variance % Variance ..., 
Explained Explained Explained 0 z 
\fl 
VARIANCE EXPLAINED BY 0 
'Tl 




41.0 (') > ..., 
Problem areas 15.0 21.0 7.0 0 z 
Attitudes 7.0 15 .0 5.0 
Information sources 5.0 7.0 6.0 
Personal characteristics 2.0 10.0 2.0 
UNIQUE VARIANCE EXPLAINED 
BY VARIABLE GROUPS 
Specific evaluations 23.0 
Problem areas 1.0 13.0 5.0 
Attitudes .4 7.0 3.0 
Information sources 1.0 3.0 4.0 
Personal characteristics 2.0 1.0 1.2 
Variance explained by all variables 45 .0 32.0 15 .0 ..,., N 
>-" 
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Personal characteristics explained the least variance. Only age and in-
come were of any importance. Older persons and those with higher incomes 
gave more positive assessments (Table 1 ). 
If the effects of the five groups of variables were entirely independent, 
the explanatory power of the model would be the sum of explained variance 
for each of the five sets alone or 70 percent. The percentage of explained var-
iance in the overall evaluation , however, was only slightly greater, when the 
other variable groups were added to the evaluations of specific programs 
(45 compared to 41). These data suggest that the influence of perceived prob-
lems, attitudes, sources of information , and personal characteristics was medi-
ated by evaluations of specific programs. 
Evaluation of Specific Attributes- Academic Programs 
In a second analysis , evaluation of specific attributes of the academic 
programs (e.g. preparation in basic skills and quality of teachers) were regressed 
on the four remaining groups of independent variables (Table 2). The four 
sets of variables explained 3 2 percent of the variance in the evaluation of 
adacemic programs. Perceived problems accounted for about 21 percent of the 
variance in specific evaluations with perceptions of greater problems associated 
with negative evaluations. Attitude variables explained 15 percent of the 
variance; the belief that students receive a comparatively better elementary and 
secondary education now than in the past was the most important. Endorsing 
daily living skills as appropriate goals for education was also linked with posi-
tive evaluations of academic aspects of education . School sources and news-
papers were the most important types of information in explaining specific 
evaluations. Perceived problems accounted for the greatest amount of unique 
variance , while attitude measures and information sources added more than 
10 percent to the explained variance (Table 2) . 
Evaluation of Specific Attributes- Extracurricular Programs 
In a third analysis, evaluations of attributes of extracurricular programs 
were examined in relation to the independent variables (Table 1 ). The four 
groups of variables explained about 15 percent of the variance in the evaluation 
of extracurricular programs. Assessments of problems and information sources 
accounted for the most variance followed by the attitude measures and per-
sonal characteristics. Although problems were important in predicting evalu-
ations of both academic and extracurricular activities , one aspect of the problem 
cluster, satisfaction with methods of reporting to parents, was a substantially 
more important factor in accounting for evaluations of basic skills than for 
extracurricular activities. Non-school media and newspapers were the most 
important sources of information. Of the attitude measures, only endorsement 
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of daily living skills as a goal of education was linked to the evaluation of 
extracurricular programs. 
Further examination of Table 2 indicates that substantial unique 
variance in evaluations of extracurricular programs was added by considering 
attitudes and information sources in addition to perceived problems. 
Reduced Models for Specific and General Evaluations of Education 
Reduced models for general and specific evaluations of education were 
obtained from analysis in which all variables were initially entered in the 
equations simulatneously, and the most efficient predictors were identified 
(Table 3). The reduced model for general evaluations of education again 
demonstrated the importance of specific evaluations as predictors, especially 
evaluations of academic programs. Furthermore, demographic characteristics 
directly influenced only general evaluations, and their effect was not sub-
stantial. As shown in Table 3, attitudes and use of sources of information were 
most important in the evaluation of academic programs. 
SUMMARY AND CONCLUSIONS 
Positive evaluations of specific attributes of educational programs were 
most important in creating general satisfaction with local schools. Persons who 
found their schools most satisfactory were those who were pleased with spe-
cific aspects of the academic program. Evaluations of extracurricular programs 
were less important. 
Contrary to the theorizing of Marans and Rodgers (197 5 ), attitudes and 
values, as a whole, had little direct influence on general evaluations of educa-
tion. Attitudes and values seemed to influence evaluation of specific aspects 
of programs rather than assessments of education in general. 
In the prediction of evaluations of academic and extracurricular pro-
grams, there was some variability in the usefulness of the four groups of inde-
pendent variables . For example, attitudes and values were salient in determin-
ing evaluations of academic programs but less important to assessments of 
extracurricular programs. Finally , greater use of school sources of information 
to obtain knowledge about programs and activities was more influential in 
determining assessments of specific attributes of the academic program than 
newspapers which were more important in determining evaluation of extra-
curricular activities. 
Of all the factors considered , sources of information may be the most 
amenable to change by school staff and administrators. Material presented 
through school publications and newsletters, parent-teacher conferences, and 
parent-teacher organizations or in newspapers apparently influenced subse-
quent public evaluations. In contrast , greater reliance on school personnel 
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Problems and Subjective Characteristics 
Interest and involvement 
in school -.09 -.27 -.22 
Adequacy of reports 
to parents -.19 
Educational goals for 






Television/radio .09 .09 




variance 44 .00 31.00 13.00 
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(administrators, teachers, and/or school board meetings) as a source of infor-
mation made little difference in evaluations. 
Clearly, the variables examined differed substantially in their explan-
atory usefulness . Even the best group of predictors accounted for somewhat 
less than half of the variance in general evaluations of public schools. The fact 
that objective personal characteristics were found to be poor predictors of 
overall evaluations of education is consistent with literature on evaluation of 
community services. 
Our research did not support the direct effect of attitudes and values 
on general indices of satisfaction suggested by Marans and Rodgers (197 5). 
On the other hand we found that perceived problems, attitudes, and values 
should be considered in relation to assessments of specific attributes of schools 
which in turn were useful in predicting general evaluations of education. 
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ABSTRACT. A questionnaire survey of student feelings about future uses of foreign language 
study reveals top priority for travel experiences , followed irregularly by the enhancement of 
understanding of foreign cultures as they apply to our country , of working with people speak-
ing other tongues , and for leisure/pleasure uses. Living or studying abroad were viewed as 
being least likely. Previous studies at other institutions have produced analogous student 
response. 
The alleged benefits associated with the study of a foreign language are 
several; e.g., "It serves as a mental discipline ; helps one understand his native 
language better ; and facilitates appreciation of the literature, art , and music 
of other countries. " 1 Values perceived by students may be other than those 
traditionally stated. Data about students' perceptions of their future use of a 
foreign language should be important in the development of a general theory of 
language use by American students and should provide information useful in 
constructing the content of courses and curricula. 
In order to obtain specific data that might be used in meeting student 
needs and interests, a survey was conducted at Iowa State University in Spanish 
classes in 1980. 
2 
The present report extends this study to French and German 
classes. 
Table 1 describes the survey population, fall semester, 1981. In each of 
the three language groups, students in first year classes comprised approxi-
mately two-thirds of the total (French , 69%; German, 63%, and Spanish, 67%), 
with the remainder being enrolled in second year and advanced courses. 
Table 2 provides the questionnaire which lists ten ways a student might 
use a foreign language or benefit from its study. Students were asked to indi-
cate the probability that they might use the language for each of the purposes 
by marking 1 (definitely), 2 (most probably), 3 (maybe), 4 (probably not), or 
5 (never) . Tables 3, 4, and 5 tabulate respectively the response for French, 
German, and Spanish. Within each language, data for total population and 
segregation into two different course levels (first year and second year/advanced) 
is presented. While response between languages and among the two categories 
in each language group are not uniform, we do not believe information is 
sufficiently substantive to justify analysis of the difference. Therefore we 
limit discussion to the entire population as presented in Table 6. Even so, 
*Professor and Associate Professor, respectively, Department of Foreign Languages and 
Literatures, Iowa State University, Ames, IA 50011. 
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French German Spanish 
Number Percentage Number Percentage Number Percentage 
of of of of of of 
Students Total Students Total Students Total 
251 69 156 63 118 67 
112 31 90 37 59 33 
363 100 246 100 177 100 
we recognize that interpretations of student reactions or beliefs are subject to 
the constraints of population size and relative geographical homogeneity. 
Reference to Table 6 shows unanimity of view in that most students 
felt that greatest potential use of a foreign language would be to enhance travel 
experiences where that language is spoken. This view was most strongly express-
ed by students studying Spanish. Following, an understanding of the foreign 
culture as it applies to our country and use for leisure/pleasure were ranked as 
relatively important. Students realistically felt that likelihood of associating with 
Spanish speaking people in the United States or in working abroad was greater 
than with those speaking German or French. On the other hand, the likelihood 
of the use of French or German for research was recognized to be greater than 
for Spanish. Almost unanimously students felt that they were unlikely to use 
their foreign language living or studying abroad . 
Thus, there are three unanimous choices: the greatest probable use is 
for travel, the least probable is for study abroad, and the near-middle choice 
(fifth) is for correspondence. There is a general similarity in perceived relative 
importance of the other items as listed in the tabulations, major exceptions 
being noted in the above paragraph. 
COMPARISON WITH OTHER STUDIES AND CONCLUSION 
In the 1972-1973 ac·ademic year at the University of Illinois, a question-
naire on interest in foreign languages was distributed to undergraduate 
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Table 2. Survey Questions. 
a 
Do you th ink you may use French/German/Spanish in the future: 
1. to travel to a French-/German-/Spanish-speaking country? 
2. to study in a French-/German-/Spanish-speaking country? 
3. to work in a French-/German-/Spanish-speaking country? 
4. to work in this country with French/German/Spanish speakers from 
other countries? 
5. to work or associate with French/German/Spanish speakers of this 
country? 
6. to correspond with people m French-/German-/Spanish-speaking 
countries? 
7. to read books and articles m French/German/Spanish for research or 
other job-related purposes? 
8. for leisure/pleasure activities : reading, watching TV in French/German/ 
Spanish and seeing French/German/Spanish language movies? 
9. to understand French/German/Spanish culture as it applies to our 
country (history, language influence, cuisine, etc .)? 
10. to live, for other than work or study purposes, in a French-/German-/ 
Spanish-speaking country? 
Students responded to these questions using the following choices: 
1 = Definitely 
2 = Most probably 
3 =Maybe 
4 =Probably not 
5 =Never 
a 
The set of questionnaires distributed to the students of each language included only the 
name of the appropriate language . 
w 
w 
Table 3. French Survel'. Results for the Total PoEulation and Course Level Categories (Ranked bl'. x) 0 
Total (N = 363) First Year (N = 251) Second Year/Advanced (N = 112) 
Rank Language Use - Language Use - Language Use -x x x 
1 travel 2.03 0.96 travel 2.27 0.95 travel 1.51 0.77 
2 leisure/pleasure 2.33 1.07 understand cultural leisure/pleasure 1.80 0.82 
influence 2.55 1.02 
3 understand cultural leisure/pleasure 2.57 1.09 understand cultural 
influence 2.41 1.03 influence 2.04 0.97 
4 read for read for read for 
research/job 2.78 1.12 research/job 2.93 1.11 research/job 2.43 1.01 
5 correspond 2.95 0.92 correspond 3.15 0.82 correspond 2.49 0.97 
6 work or associate work or associate work or associate 
with USA French with USA French with USA French 
speakers 3.13 0.85 speakers 3.24 0.84 speakers 2.90 0.87 
7 work here with work here with work abroad 2.96 0.84 
French speakers French speakers 
from abroad 3.33 0.79 from abroad 3.44 0.79 
8 work abroad 3.37 0.88 work abroad 3.55 0.84 live abroad 3.00 0.90 r 
AND > (") 
live abroad 3.37 0.96 > r:/l 
> 
9 live abroad 3.56 0.94 study abroad 3.01 0.93 po ::i 
c. 
10 study abroad 3.50 0.93 study abroad 3.73 0.86 work here with r > French speakers (") 
> from abroad 3.08 0.73 r:/l 
> 
Table 4. German Survey Results for the Total Population and Course Level Categories (Ranked by x) CJ) .....i 
c::: 
Total (N = 246) First Year (N = 156) Second Year/Advanced (N = 90) 0 trl 
Rank - - -
z 
Language Use x s Language Use x Language Use x .....i 
~ 




2 understand cultural understand cultural leisure/pleasure 2.12 1.12 trl < influence 2.40 1.07 influence 2.55 1.08 trl 
0 
3 leisure/pleasure 2.47 1.05 read for understand c::: CJ) 
research/job 2.65 1.08 cultural influence 2.15 0.97 trl CJ) 
4 read for leisure/pleasure 2.67 0.95 correspond 2.24 1.04 
0 
'Tl 
research/job 2.52 1.09 'Tl 0 
correspond 2.60 correspond read for 
:;z::l 
5 1.12 2.81 1.13 trl 
research/job 2.28 1.07 0 z 
6 work or associate work or associate work or associate L' > 
with USA German with USA German with USA German z 0 
speakers 2.90 0.97 speakers 3.15 0.93 speakers 2.47 0.89 c::: > 






from abroad 3.24 0.85 from abroad 3.48 0.71 
AND 
work abroad 3.24 0.98 
8 work abroad 3.52 0.86 work here with 
German speakers 
from abroad 2.80 0.92 
9 live abroad 3.34 1.00 live abroad 3.54 0.93 study abroad 2.96 0.95 
10 study abroad 3.39 0.90 study abroad 3.63 0.77 live abroad 2.98 1.04 w w 
""" Spanish Survey Results for the Total Population and Course Level Categories (Ranked by x ) Table 5. """ N 
Total (N = 177) First Year (N = 118) Second Year/Advanced (N = 59) 
Rank Language Use - Language Use 
- Language Use -x x s x s 
1 travel 1.88 0.93 travel 2.14 0.97 travel 1.37 0.67 
2 understand cultural understand cultural leisure/pleasure 2.00 0.96 
influence 2.39 1.10 influence 2.55 1.04 
3 work or associate work or associate understand 
with USA Spanish with USA Spanish cultural influence 2.07 1.06 
speakers 2.50 0.95 speakers 2.69 0.98 
4 leisure/pleasure 2.67 1.16 leisure/pleasure 3.01 1.05 work or associate 
with USA Spanish 
speakers 2.12 0.85 
5 correspond 2.81 1.15 work here with correspond 2.15 1.06 
Spanish speakers 
from abroad 3.06 0.91 
6 work here with correspond 3.14 1.03 read for 
Spanish speakers research/job 2.36 1.05 
from abroad 2.83 0.91 
7 read for read for work here with r' 
research/job 2.93 1.12 research/job 3.22 1.02 Spanish speakers > (j 
from abroad 2.37 0.93 > VJ 
> 
8 work abroad 3.28 1.01 work abroad 3.54 0.98 work abroad 2.76 0.92 !» ::i 
0... 
9 live abroad 3.38 1.10 live abroad 3.58 0.98 study abroad 2.88 1.14 r' > 










French Total (N = 363) German Total (N = 246) Spanish Total (N = 177) tTj z 
- - - ...., Rank Language Use x s Language Use x Language Use x -ti 
tTj 




2 leisure/pleasure 2.33 1.07 understand cultural understand cultural < 
tTj 
influence 2.40 1.07 influence 2.39 1.10 t:i 
c::: 
3 understand cultural leisure/pleasure 2.47 1.05 work or associate VJ tTj 
influence 2.41 1.03 with USA Spanish VJ 
0 
speakers 2.50 0.95 "Tl 
"Tl 
4 read for read for leisure/pleasure 2.67 1.16 0 :;;::l 
research/job 2.78 1.12 research/job 2.52 1.09 tTj cs 
5 correspond 2.95 0.92 correspond 2.60 1.12 correspond 2.81 1.15 z 
t'""" 
6 work or associate work or associate work here with > z 
with USA French with USA German Spanish speakers C') c::: 
speakers 3 .13 0.85 speakers 2.90 0.97 from abroad 2.83 0.91 > C') 
7 work here with work here with read for · 
tTj 
VJ 
French speakers German speakers research/job 2.93 1.12 
from abroad 3.33 0.79 from abroad 3.24 0.85 
AND 
work abroad 3.24 0.98 
8 work abroad 3.37 0.88 work abroad 3.28 1.01 
AND 
live abroad 3.37 0.96 
9 live abroad 3.34 1.00 live abroad 3.38 1.10 
10 study abroad 3.50 0 .93 study abroad 3.39 0.90 study abroad 3.39 1.05 <>.> <>.> 
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students. 
3 
One section dealt with "some reasons for selection of this language." 
A study at Purdue University in 1978 included some questions about "per-
4 
ceived future uses of French." The questionnaires used at these two institu-
tions and that distributed to students at Iowa State University were not identi-
cal. Nevertheless , comparison shows a striking resemblance in students' atti-
tudes about the potential uses of foreign languages. In all three institutions use 
in travelling abroad was designated as the major reason for interest in the 
language. Following, though not in the same order in all groups, were items 
related to an understanding of the foreign culture concerned and to the use of 
the language in leisure activities. Correspondence with people abroad and study 
abroad were deemed less· likely. 
Despite the differences in the questionnaires used at the three institu-
tions , and regardless of the language being studied , the end product in student 
response is essentially the same. Thus there is reasonable support for a pre-
sumption that there is some uniformity in the way that students view potential 
uses of western languages. 
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